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An interesting, socialized three-book series for junior 


high school grades, now revised to strengthen still further 
its teaching qualities. The texts have been simplified with- 


out being “kindergartenized.” 


All dated subject matter of the first edition has been 
replaced with corresponding information of the year 1945. 
This includes all statistical data and all prices used in the 
problems. The result is that the new texts are up to date in 


their references. 


Fundamentals of arithmetic are still further emphasized 
in Book One; Book Two is made easier in respect to com- 
putation; Book Three, a general mathematics text with full 
instruction in ninth-grade algebra, has been simplified 


and modernized. 


All three books are centered on solving significant prob- 
lems of real life through drill, testing, and reviewing, and 


elementary reinstruction is included for pupils who need it. 


BOOK ONE BOOK TWO BOOK THREE 
by Walter W. Hart 


and Lora D. Jahn 
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Sometimes you can break a good rule! 


It’s usually a wise rule not to plan a 
chicken dinner before the eggs are hatched. 

But not always! 

If the “chicken dinner” represents your fu- 
ture, and the “‘eggs”’ are financial nest eggs— 
go ahead and plan! 

Especially if your nest eggs are the War 
Bonds you have bought—and the Savings Bonds 
you are buying. For your government guaran- 
tees that these will hatch out in just 10 years. 


SAVE THE EASY WAY... BUY YOUR 


Millions of Americans have found them the 
safest, surest way to save money .. . and they ve 
proved that buying Bonds on the Payroll Sav- 
ings Plan is the easiest way to pile up dollars 
that anyone ever thought of. 

So keep on buying Savings Bonds at 
banks, post offices, or on the Payroll Plan. 

Then you can count your chickens before 
they’re hatched . . . plan exactly the kind of 
future you want, and get it! 


BONDS THROUGH PAYROLL SAVINGS 








Contributed by this magazine in co-operation 
with the Magazine Publishers of America as a public service. 
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A Testing Program for Mathematics at the 
Secondary-School Level’ 


By Arruur E. TRAXLER 
Educational Records Bureau, New York, N. Y. 


GENERAL KINDS OF EVALUATION 


AN IMPORTANT problem related to in- 
struction in mathematics, as in every other 
ubject field, is that of assessing accurately 
the aptitude and the achievement of indi- 
vidual pupils and of classes. There is im- 
perative need for a teacher to be informed 
teliably concerning the ability of his stu- 
lents and concerning their mastery of the 
ontent of the subject being taught if he is 


to adapt his instruction to their varying 


evels, correct their weaknesses, predict 
their success in advanced courses, and af- 
ord then: guidance in accordance with 
their prcdispositions, attainments, and 
unctioning interests. 

Evaluation may be undertaken in sev- 
tal different ways. One may, in the first 


lace, appraise a student through general 


bservation of his work. He may “keep an 
‘ve on” the student during class periods 
ind in study halls in order to note his gen- 
‘tal adjustment to the subject, his under- 
tanding of the concepts of the field, his 
ability 
nents, 


to work independently on assign- 
and so forth. Teachers have, of 
‘curse, always employed this type of eval- 
_'A paper read in the mathematics section 
ithe meeting of the Association of Private 
‘hool Teachers of New York City and Vicinity, 
eld at The Brearley School, February 16, 1946. 


uation. If they will discipline themselves 
to make systematic anecdotal records of 
their observations and will review these 
from time to time, frequently they will ob- 
tain information through this procedure 
that is more revealing than grades on ex- 
aminations or scores on tests. 

A second general kind of evaluation in 
mathematics is obtained by means of 
problem-solving examinations. At the end 
of a unit of instruction, the teacher sets 
eight or ten long problems for the class. A 
student has to be able to read each prob- 
lem understandingly, to get the conditions 
clearly in mind, to translate those condi- 
tions into abstract symbols, to put the 
symbols into a meaningful equation, to 
show the steps in the solution of that equa- 
tion, to arrive at a precise answer, and pre- 
sumably to check his work. This kind of 
evaluation has both advantages and limi- 
tations. On the one hand, it indicates the 
ability of a student to organize and to 
think through a problem situation, to con- 
centrate his attention upon it for a fairly 
long period, to apply general principles to 
a particular situation, and to reach a solu- 
tion that is consistent with a complex set 
of conditions. On the other hand, although 
it allows for zntensive appraisal, it does not 
provide an extensive sampling of the under- 
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standing of an individual or a class. Some 
students may show up to good advantage 
simply because they are well prepared on 
those kinds of problems which are in the 
examination even though they may be 
poorly prepared on other kinds which the 
examination could not cover because of the 
amount of time that must be given to each 
question. A further limitation is that the 
grades, or marks, or scores assigned to the 
papers of the various pupils depend, to a 
considerable extent, upon the subjective 
judgment of the instructor. Another 
teacher, equally able, might read the pa- 
pers independently and assign significantly 
different marks to many of them. This is, 
as the College Entrance Examination 
Board and other testing organizations 
have clearly demonstrated, not an insur- 
mountable difficulty, but it is one upon 
which the members of a department need 
to work intensively, if their marks on ex- 
aminations of this kind are to reach a level 
of acceptable reliability. 

A third kind of evaluation is based upon 
tests composed of semi-objective ques- 
tions. Instead of measuring a complex of 
aptitudes and achievements, each question 
is aimed ata relatively small and definite 
segment of the total achievement covered 
by the course. It samples understanding 
of one rule or one principle or one proce- 
dure which the class presumably has 
learned. Usually it calls merely for the 
writing, on a line or other designated 
place, of the answer, which ordinarily may 
be arrived at through mental calculation 
or with a minimum of “scratch work.”’ II- 
lustrations of such questions are 


If by+4=ay, what does y equal? 
If the legs of a right triangle are four 
inches and six inches, how long is the 
hypotenuse? 








This type of test usually does not call 
for the ability to organize nor the thinking 
power required by the second type, but it 
does allow for comparatively extensive 
sampling of achievement. Within a given 
unit of time, one can ask at least five times 
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as many questions of this kind as of the 
second kind. 

The questions used in this type of evalu- 
ation can be scored with a high degree of 
agreement from one reader to another, but 
not with complete argeement. If a pupil’s 
answer deviates only very slightly from 
the correct answer, or a pupil has shown in 
his “scratch work” on the test paper that 
he knows the right procedure but has ob- 
tained the wrong answer, scorers may not 
take the same view concerning how much 
credit, if any, the pupil should receive for 
his answer to the question. 

A fourth type of evaluation utilizes 


tests which are entirely objective. A test 


of this kind may require the matching of 
concepts with definitions or drawings, the 
reading of a series of statements and the 
indication of whether they are true or false 
the selection of the correct answer from 
five suggested responses, and various other 
kinds of reaction. Typical examples are: 
If one side of a square is 2, its 
diagonal is z\/2........... 
If 3n+4=7n—8, what is the 
value of n? (1) —2 (2)12/21 
(3)3 (4) —7/15 (5)4........ 


This type of measurement shares some 
of the advantages and some of the limita- 
tions of the third type. Certain questions 
in both types may seem, at first thought, 
trivial when compared with the long prob- 
lem-solving examination questions, but 
when they are well constructed, it is possi- 
ble to make them show the pupil’s prob- 
lem-solving power. 

Critics of the completely objective test 
may urge that it affords pupils an oppor- 
tunity to answer some of the questions 
correctly by guessing, and that is true, but 
there is a fairly satisfactory statistical pro- 
cedure that may be used to correct the 
score for influence of guessing, and this 
procedure is used with most modern 
achievement tests. 

The extent of sampling possible with the 
fourth type is even greater than that based 
on the third type because still less writing 
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TESTING PROGRAM 


is involved. The greatest advantage of the 
fully objective examination, however, is 
that all readers will score it in exactly the 
same way, if they make no mechanical er- 
rors. In fact, the scoring is so impersonal 
that millions of such tests throughout the 
country are now being scored by means of 
test-seoring machines. Thus, one of the 
most important elements making for un- 
reliability in test results is ruled out, al- 
though it must be admitted that test mak- 
ers have to sacrifice ,in some measure, cer- 
tain other values in order to rule it out. 

The most common type of item in the 
objective test is the multiple-choice item. 
In one respect, this kind of question lends 
itself especially well to the field of mathe- 
matics. The correct answer is not debata- 
ble, as it frequently is in social studies tests 
and occasionally is in tests of English 
usage or of science. From another stand- 
point, the multiple-choice question is not 
so well suited to mathematics, for it is 
often very difficult to set up several de- 
coys, or incorrect responses, that pupils 
might actually arrive at through making 
different kinds of errors or adopting inap- 
propriate procedures in their attempts to 
solve the question. 

Regardless of opinion concerning the 
relative merits of the various general eval- 
uative procedures in mathematics, let it be 
said, with emphasis, that none of these 
procedures are mutually exclusive. They 
are not even competitive; they are supple- 
mentary. Much better understanding of 
individual pupils may be achieved through 
the use of all of them than by means of any 
one or. two of them. 


RELATION OF TESTS TO OBJECTIVES AND 
TO CURRICULUM 

If a mathematics department in a school 
is willing to accept the thesis that all these 
general kinds of evaluation should be em- 
ployed, then it is to be expected that the 
members of that department will ask test 
specialists to outline for them an ideal pro- 
gram of objective tests to be used along 
with their local evaluative procedures. 
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This cannot be done with finality, for there 
is no program of objective tests in mathe- 
matics that will be ideal for, or even fairly 
well suited to, all schools. 

First, there is the well-known question 
of the relationship of tests to the objec- 
tives or purposes of mathematics instruc- 
tion. In the matter of objectives, mathe- 
matics teachers are more fortunate than 
those in certain other departments. They 
can tell you what their objectives are. 
They may not always adhere to them, but 
they can state them. 

Now, let us consider how well objective 
tests are suited to a list of purposes of 
mathematics teaching at the secondary- 
school level. A few. years ago the mathe- 
instructors in an independent 
secondary school, after careful considera- 
tion, arrived ay this list of seven major 
objectives: 


matics 


1. Skill in the fundamental operations 
2. Ability to recognize mathematical relation- 
ships 


3. Understanding of mathematical concepts 
4. Ability to solve verbal problems 
5. Ability to apply mathematical knowledge to 


new situations and problems 

6. Ability and habit of making precise state- 
ments and thinking logically 

7. Understanding and appreciation of the con- 
tribution of mathematics to civilization 


Other objectives might be added to this 
list, but it is believed that it is fairly com- 
prehensive as it stands. If we analyze 
standardized tests in the light of these ob- 
jectives, we find that the majority of the 
tests cover the first three objectives well. 
If a school’s program in mathematics were 
confined to those three purposes, stand- 
ardized objective tests could probably 
carry the entire burden of evaluation. 
Some of the better published tests pro- 
vided considerable help in the measure- 
ment of objectives 4 and 5, although these 
two purposes do not lend themselves as 
readily to brief answer testing as do the 
first three objectives. A school subscribing 
to objectives 4 and 5 would need to sup- 
plement standardized tests with other 
kinds of evaluation. 
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The evaluation of the sixth objective 
ability and habit of making precise state- 
ments and of thinking logically—must be 
done chiefly by careful observation, since 
standardized tests offer little help here. 
Likewise, few attempts have been made 
to measure the progress of pupils toward 
the seventh objective—understanding and 
appreciation of the contributions of math- 
ematies to civilization. The understanding 
phase of this purpose could, however, be 
measured reliably with objective tests. 

A second reason why a uniform program 
of objective tests cannot completely meet 
the measurement needs of the mathema- 
tics departments in all schools is that even 
when schools agree upon a common set of 
objectives frequently they organize their 
units of instruction in widely different 
ways. The conventional organization of 
mathematics instruction in 
schools is by subjects—a vear of algebra, a 
second year of algebra, a year of plane 
geometry, a half-year of solid geometry, a 
half-year of trigonometry. It is common 
knowledge, however, that a considerable 
number of schools, although a minority of 
the total number, have in recent years 
been trying out combinations of advanced 
arithmetic, algebra and geometry in inte- 
grated courses, and many specialists in the 
teaching of mathematics believe that such 
courses are more conducive to learning 


secondary 


than are the conventional ones. Regard- 
less of the relative merits of the two plans, 
the immediate point is that no one set of 
mathematics achievement tests is well 
suited to both types of organization. 
Now, the majority of our better objec- 
tive tests in mathematics—those which 
are the more reliable and for which we 
have the better norms—are designed for 
testing the separate subjects set up in the 
traditional way. This situation is under- 
standable, for tests tend to be based upon 
the objectives and curricular organization 
of the largest number of schools, as indi- 
cated by an analysis of courses of study 
and of textbooks. Moreover, partly be- 
cause of the time that is required for their 
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construction and standardization, tests 
tend to respond to changes in the curricu- 
lum only after a time lag of several years 
A committee charged with the respon- 
sibility of selecting tests to be used in a 
recommended testing program tries to 
meet the dilemma by placing on the list 
both subject tests and general achieve- 
ment tests in mathematics. But, because 
the majority of the schools still have their 
mathematics department organized in the 
conventional way 
schools with integrated courses hesitate to 


and because some 
employ the general achievement tests on 
account of the inadequacy of the existing 
norms, the subject tests are used exten- 
sively, while the use of the general achieve- 
ment tests is comparatively slight. Thus, 
in a program such as the one carried on })) 
the Educational Records Bureau, it is onl) 
after several years of testing with the same 
tests that reliable norms can be built up 
for general achievement tests, whereas 
dependable norms for the subject tests are 
available after a single testing program 


KINDS OF OBJECTIVE MEASUREMEN’ 
NEEDED IN SECONDARY-SCHOOL 
MATHEMATICS 


The foregoing part of this discussion has 
dealt at some length with the limitations 
of objective tests and with their relation to 
other kinds of evaluation in mathematics 
because it is believed that the noteworthy 
potential values which are inherent in 
these tests can be realized only if the tests 
are viewed in proper perspective. Let us 
now turn to a consideration of the princi- 
pal types of objective measurement at the 
secondary-school level. These types are 
determined largely by the main purposes 
for which tests are given. Testing in rela- 
tion to any subject field usually has four 
main purposes: (1) appraisal of aptitude, 
(2) measurement of general achievement, 
(3) diagnosis and corrective instruction, 
and (4) guidance. In the planning of a test- 
ing program in mathematics, it is desirable 
for one to have a general understanding of 
the kinds of tests related to each of these 
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purposes, although it should be under- 
stood that a given objective test may some 
times be used to serve two or three of these 
purposes. 

Aptitude.—A_ student’s 
aptitude may be defined as his general fit- 


mathematical 


ness for, and orientation to, study and 
work in the field of mathematics. It is a 
product of a complex set of native and en- 
influences. As a result of 
heredity and experience, seme individuals 
have a high degree of aptitude for the han- 
dling of number concepts, others have a 


vironmental 


moderate amount of this aptitude, and still 
others think in terms of numbers only with 
great difficulty. It should be emphasized 
that, in evaluation, it is very dificult to 
separate aptitude from achievement and 
that what may be first seem to be limited 
aptitude in a pupil is simply limited 
achiement which may be corrected by the 
proper teaching. On the other hand, stud- 
ies have shown that number ability is one 
of several kinds of primary mental ability, 
and the conclusion is inescapable that re- 
gardless of excellence of instruction, there 
will always be wide differences in the facil- 
ity and power with which individuals can 
handle number because of native predis- 
position which the school cannot change. 

All so-called aptitude tests yield scores 
which reflect in part native aptitude and 
in part what the individual has learned. In 
some mathematics aptitude tests, an at- 
tempt is made to reduce the influence of 
learning on the score by using number 
situations which have not been taught in a 
formal way. For example, number-series 
tests are employed in the American Coun- 
til Psychological Examination and in the 
Junior Scholastic Aptitude Test. A test of 
this kind may begin with simple items 
such as the following and work up to items 
of considerable complexity. 

257 10 12 15 (17) (20) 

Such a test samples a pupil’s ability to 
deal with number without drawing di- 
rectly upon his school experience. 

Another well-known kind of test which 
is particularly appropriate for use at the 
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beginning of the secondary school as an in- 
dication of a pupil’s aptitude for the study 
of algebra is a test of ability to deal with 
abstract symbols. For instance, in one part 
of the Orleans Algebra Prognosis Test 
there is an explanation of like and unlike 
terms followed by exercises such as “copy 
the like terms among the following: 
2ab, ab?, 3a°b, 5ab*, a*b?, Zab?.”’ 

One of the best tests of aptitude for the 
study of secondary-school mathematics is 
a test of computation and problem solving 
arithmetic. Test 
makers are well aware of this relationship 


in elementary-school 


as is shown by the fact that arithmetic 
tests are contained in the quantitative 
part of the American Council Psychologi- 
cal Examination, the numerical part of the 
Junior Scholastic Aptitude Test, and one 
section of the Orleans Algebra Prognosis 
Test. The majority, although not all, of 
the pupils who do well in arithmetic learn 
high-school mathematics readily; nearly 
all those who have trouble in learning 
arithmetic despite competent instruction 
learn higher mathematics only with great 
difficulty. 

Even when the main purpose is predic- 
tion of aptitude for mathematics alone, it 
is highly desirable to administer tests of 
aptitude for other fields along with the 
mathematical aptitude tests. In the inter- 
pretation of the scores, one needs not 
only to compare the pupil’s mathematical 
aptitude with the norms for that field but 
also to compare it with his aptitudes in 
other areas. For this purpose, tests of ver- 
bal aptitude, artificial language, space 
perception, and mechanical aptitude are 
especially helpful. 

Achievement.—When we evaluate a 
pupil’s achievement, we are concerned 
with the extent of his learning in a given 
field—with his mastery of terms, con- 
cepts, facts, processes, understandings, 
techniques of thinking, and application of 
principles. Inevitably, when we give an 
achievement test we to some extent meas- 
ure aptitude as well as achievement. As 
already indicated, the difference between 
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tests of aptitude and of achievement is 
largely one of emphasis. In the construc- 
tion of an aptitude test, we try to maxi- 
mize the influence of native ability and to 
minimize the influence of learning on the 
scores. The structure of an achievement 
test is designed to reverse the emphasis. 
But, aptitude and achievement are so 
closely interwoven that none of our tests 
succeed in making a clear separation be- 
tween the two. 

There are three broad types of mathe- 
matics achievement tests. Two of these— 
tests of general achievement, such as the 
Cooperative Mathematics Tests for Grades 
7, 8, and 9, and the earlier forms of the 
Cooperative General Achievement Tests 
in Mathematics, and tests in particular 
subjects, such as the Cooperative tests in 
algebra and in plane geometry—were 
mentioned in the preceding section of this 
paper. The third type is sometimes called 
a general achievement test, but it is better 
termed as a test of general proficiency in 
mathematics. It is illustrated by the more 
recent forms of the Cooperative General 
Achievement Tests—each of which carries 
the subtitle “A Test of General Pro- 
ficiency.”” The difference between these 
two kinds of tests is that the general 
achievement tests consist of a combination 
of questions drawn from algebra, geometry, 
and plane trigonometry, while the general 
proficiency tests contain questions de- 
signed to reveal a student’s understanding 
of mathematical concepts and his ability 
to read typical materials in this field. 
General proficiency tests probably involve 
a larger element of aptitude than do the 
other kinds of achievement tests. 

Diagnosis and corrective teaching.—Just 
as there is no sharp dividing line between 
aptitude tests and achievement tests, so 
there is no clear-cut distinction between 
achievement tests and diagnostic tests. 
The main difference is in the method of 
scoring. An achievement test may yield 
only a single overall score, whereas in a 
diagnostic test the items covering different 
aspects of achievement are grouped to- 
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gether, and subscores, or part scores, are 
provided on these divisions. Many achieve- 
ment tests vield scores in two, three, or 
four parts, as well as total scores. They 
are, therefore, diagnostic to some degree 
even though the word ‘‘diagnostic’”’ does 
not appear in the title of these tests nor in 
the literature concerning them. As soon as 
one has obtained two or more scores on a 
pupil and has begun to study those scores 
and to try to explain the difference bhe- 
tween them, he has made a beginning at 
diagnosis. 

At present very few of the available tests 
of secondary-school mathematics have ex- 
tensive diagnostic features. Some of them 
yield part scores which afford an elemen- 
tary basis for diagnosis in terms of very 
broad areas. For instance, the Cooperative 
Test of General Proficiency in the Field 
of Mathematics can be scored to provide 
separate raw scores for Part I, Terms and 
Concepts, and for Part II, Comprehension 
and Interpretation. A comparison of these 
two scores will sometimes serve as a help- 
ful lead toward the diagnosis of difficulties. 
If a pupil, for example, has a high score in 
Part I but a low score in Part IT, these 
results suggest a difficulty in the reading 
of mathematical material presented in 
context and in graphic form which prob- 
ably should be followed up with a more 
thorough analysis. 

When using achievement tests which 
give only a total score, a teacher can make 
his own rough diagnosis by going over the 
individual questions and noting the kinds 
of errors made by the class. If the tests 
have been machine scored, this kind of 
diagnosis can be rendered more quantita- 
tive by having an item-analysis sheet run 
off which will show graphically the number 
of pupils in the class who answered each 
question correctly. 

In nearly all secondary schools there are 
at least a few pupils who have not learned 
the fundamental operations of arithmetic. 
If these pupils are ever going to make 4 
successful adjustment to high school 


mathematics, it is imperative that they be 
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identified, their weaknesses diagnosed, and 
corrective treatment applied. There are 
several diagnostic arithmetic tests suitable 
for secondary-school use. Among these are 
the Progressive Arithmetic Tests and the 
Reavis-Breslich Diagnostic Tests in the 
Fundamental Operations of Arithmetic 
and in Problem Solving. Reliable inde- 
pendent-school norms, as well as those for 
public schools, are available for the latter 
test at all grade levels from VII to XII. It 
is desirable to administer a diagnostic 
arithmetic test to all pupils entering the 
secondary school and to repeat the test at 
intervals with at least the pupils who were 
low on the initial test in order to measure 
improvement resulting from procedures 
used by the mathematics department to 
correct their weaknesses. 

(uidance.—All the kinds of tests men- 
tioned thus far—aptitude, achievement, 
and diagnostic—are potentially useful in 
guidance. These should be supplemented 
by an inventory of interests. Studies have 
shown that interests are an important 
factor in educational and vocational suc- 
ess. They have also shown that the cor- 
relation between aptitude tests and in- 
terest tests, in the same or closely related 
fields, tends to be low. Consequently, a 
ounselor who is conferring with a student 
concerning the advisability of his special- 
izing in mathematics or in any other field 
information relative to the in- 
lividual’s interests as well as his ability 
and achievement. Two of the more help- 
ul tests of this type are the Kuder Prefer- 
ence Record, which provides a profile for 
nine fields including computational in- 
terests, and the Strong Vocational In- 
terest Blank for Men, which can be scored 
with a scale for mathematician as well as 
sales for thirty-four other occupations. 


needs 


\ RecOMMENDED PrRoGRAM OF OBJECTIVE 
TEstTs IN MATHEMATICS 


The following suggested program of ob- 
jective tests in secondary-school mathe- 
matics is in close agreement with the 
teecommendations of the Test Selection 
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Subcommittee of the Committee on Tests 


and Measurements of the Educational 
Records Bureau. 
A plitude tests. 
Secondary Education Board Junior 
Scholastic Aptitude Test—Grades 
7-9 


American Council on Education Psy- 
chological Examination—Grades 9-12 
or a more comprehensive aptitude test 
battery such as 
The Chicago Tests of Primary Mental 
Abilities—Ages 11-17 
The Yale Educational Aptitude Tests 
—Grades 10-12 





Achievement tests.—(for specific subjects) 


Cooperative Algebra Test—First year 
of study 

Cooperative Intermediate Algebra Test 
—Second year of study 

Cooperative Plane Geometry Test— 
One year of study 

Cooperative Solid Geometry—One-half 
year of study 

Cooperative Trigonometry—One-half 
year of study 


(For general achievement) 


Cooperative Mathematics Test for 
Grades 7, 8, and 9 

Cooperative Test in Secondary School 
Mathematics—Grades 10-12 

Cooperative General Achievement Test 


in Mathematics—Grades 10-12 


Diagnostic tests. 
Reavis-Breslich Diagnostic Tests in the 
Fundamental Operations of Arith- 


metic and in Problem Solving— 
Grades 7-12 


Interest tests. 


Kuder Preference Record—Grades 9-12 
Strong Vocational Interest Blank for 
Men—Grades 11-12 


As indicated near the beginning of this 
paper, the objective tests should not con- 
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stitute the entire testing program of a 
school. They should be used along with 
problem-solving tests or essay examina- 
tions, such as those which are published 
by the Secondary Education Board or 
which may be locally constructed. Much 
thought and care should be devoted to the 
construction and scoring of the essay 
examinations. They may be constructed in 
several alternate forms to be used in rota- 
tion over a period of years, with only such 
revisions as are necessary to take account 
of changes in the curriculum. Where 
classes are large enough to warrant such a 
procedure, it is desirable for a school to 
make its own norms for the _ locally- 
constructed tests. 


RELIABILITY AND VALIDITY OF OBJECTIVE 
Tests IN MATHEMATICS 

A question may appropriately be raised 
concerning the reliability and validity of 
the foregoing recommended list of objec- 
tive tests. Consideration of time and space 
make it impracticable to take up each 
test and report in this paper detailed re- 
sults of all reliability and validity studies 
concerning it. An attempt will be made 
merely to summarize the general indica- 
tions in the available research data. 

The reliability of a test that is to be 
used in the appraisal of individual pupils 
should be at least .85 and preferably 
above .90. The best available data indicate 
that the Spearman-Brown odd-even re- 
liability of the Q-score on the American 
Council Psychological Examination is 
slightly above .85 and that the reliability 
of the L-score is about .95.? The corrected 
odd-even reliability of the Junior Scholas- 
tic Aptitude Test is about .97 for the 
verbal total and approximately .95 for the 
numerical total.* The re-test reliabilities of 


2 Margaret Seder, ‘‘The Reliability and 
Validity of the American Council Psychological 
Examination, 1938 edition,” Journal of Educa- 
tional Research, XXXIV (October, 1940), 90— 
101. 

§ Unpublished data made available by John 
M. Stalnaker, formerly of the College Entrance 
Examination Board. 
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both examinations are somewhat lower. 
The median of the corrected odd-even re- 
liabilities of the seven booklets in the 
Yale Educational Aptitude Tests is .97, 
and the range is from .90 to .98.4 The re- 
liability of the Chicago Tests of Primary 
Mental Abilities depends partly upon 
whether the longer separate-booklet edi- 
tion or the shorter single-booklet edition is 
used. One study of an earlier edition of the 
separate-booklet battery indicated that 
the corrected split-half reliability of the 
different factors ranged from .87 to .99 
with a median of .96.5 Apparently all the 
scholastic aptitude tests suggested for use 
in a mathematics testing program have 
comparatively high reliability. 

Reliabilities are not at hand for all the 
Cooperative Mathematics tests, but those 
which are available indicate a fairly high 
degree of consistency in the scores on these 
tests. In a table of reliability coefficients 
for Form O, the Cooperative Test Service 
has published reliabilities for the tests in 
the separate mathematics subjects at the 
secondary-school level.* These range from 
89 to .93, with a median of .924. In a 
study made at the Educational Records 
Bureau, Spearman-Brown odd-even_ re- 
liabilities of .940 and .924 were found for 
Forms O and P respectively of the Co- 
operative Mathematics Test for Grades 7, 
8, and 9.7 

A test whose main function is the meas- 
urement of overall achievement is satis- 


4 Unpublished data supplied by A. B. Craw- 
ford, Yale University. 

‘William M. Shanner, “A Report on the 
Thurstone Tests for Primary Mental Abilities.” 
1939 Achievement Testing Program in Independ- 
ent Schools and Supplementary Studies, pp. 54- 
60, Educational Records Bulletin No. 27. New 
York, N. Y.: Educational Records Bureau, 
June 1939. 

® The Cooperative Achievement Tests: A Book 
let of Norms, p. 11. New York: Cooperative Test 
Service, May, 1938. 

7 Margaret Seder, ‘‘A Correlational Stud) 
of the Cooperative Mathematics Test for Grades 
7, 8, and 9.”’ 19389 Achievement Testing Program 
in Independent Schools and Supplementary Stud- 
ies, pp. 49-60. Educational Records Bulletin 
No. 27. New York: Educational Records Bureau 
June, 1939. 
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factorily reliable if its total score shows 
high reliability. A test to be used in diag- 
nosis, however, needs to have part scores 
which meet suitable criteria of reliability. 
Most of the purportedly diagnostic tests 
designed for administration within a class 
period fall short of the desired reliability. 
It is, therefore, noteworthy that a study 
of the Reavis-Breslich Diagnostic Arith- 
metic Test, which requires only twenty- 
eight minutes of working time, showed the 
median corrected split-half reliability of 
the ten parts to be .89.* Eight of the parts 
seemed reliable enough to be of consider- 
able use in the study of individual pupils. 

Now, a word about the reliability of in- 
terest tests. According to the manual for 
the Strong blank, the average coefficient 
of reliability of thirty-six revised scales 
for men is .877 on the basis of the records 
of 285 college seniors. The reliability falls 
below .80 in only one scale, whereas in 
scales the coefficient is .90 or 
higher. The median of the reliability co- 
efficients reported in different studies for 


thirteen 


a total of eight groups who had taken the 
Kuder Preference Record was .915 and the 
medians for all scales were above .85.'° 
Thus, the reliability of diagnostic interest 
tests compares favorably with that of 
aptitude and achievement Tests. 

The most important question concern- 
ing any test is the question of its validity, 
or the extent to which it measures what it 
is intended to measure. In appraising the 
validity of all tests, it is in general neces- 
sary for us to rely largely upon ‘‘face”’ 
validity—that is, upon its apparent valid- 
ity on a common-sense basis. The validity 

> Arthur E. Traxler, “The Reliability and 
Validity of the Reavis-Breslich Arithmetic 
Tests,” 1942 Fall Testing Program in Inde- 
pendent Schools and Supplementary Studies. pp. 
44-50. Educational Records Bulletin No. 37, 
Jan. 1943. New York: Educational Records 
Bureau. 

* Edward K. Strong, Jr., Manual for Voca- 
tional Interest Blank for Men, p. 14. Stanford 
University, California: Stanford University 
Press, July, 1941. 

° Intermediate Manual for the Kuder Prefer- 
ence Record, p. 7. Chicago: Science Research As- 
Sociates, 1944. 
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of all the recommended tests has been 
studied statistically, but the results are 
rather inconclusive because of the fact 
that there are no very satisfactory criteria 
with which to correlate the scores and the 
further fact that it is impossible to set up 
a general rule concerning just how high 
validity coefficients should School 
grades, or marks, are the criterion most 
commonly used in the studies of the 
validity of achievement tests, but the 
fact that marks are frequently rather low 
in reliability limits their value for this 
purpose. However, one study in which this 
type of criterion was used with the Co- 
operative Achievement Tests was _ suf- 
ficiently extensive and 
results to be mentioned here. School marks 


be. 


positive in its 


and scores on the 1935 form of the Co- 
operative tests made by pupils in eight 
institutional members of the Educational 
Records Bureau constituted the main 
basis of the report.’ The median of 
twenty-three correlations between marks 
in mathematics and mathe- 
matics tests was .76, which was higher 
than the medians of the correlations be- 


scores on 


tween tests and marks in English, foreign 
languages, science, and social studies. In 
fact, the median correlation for mathe- 
matics was higher than the reliability 
usually found for school marks. In other 
words, the test scores agreed fully as well 
with mathematics grades as grades as- 
signed in two successive terms ordinarily 
agree. This finding could be supplemented 
with results of several other studies indi- 
cating that, if school marks are valid in- 
dices of achievement, then a series of care- 
fully constructed objective tests has con- 
siderable validity for the measurement of 
achievement in mathematics. 


Usses or Test REsutts 
The results of objective tests in mathe- 


11 Comparable Tests and School Marks,” 
1936 Fall Testing Program in Independent 
Schools and Supplementary Studies, pp. 83-111. 
Educational Records Bulletin No. 19. New 
York: Educational Records Bureau, January, 
1937. 
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matics may be used by schools in a variety 
of ways including. 


1. Selection of applicants for entrance (inde- 
pendent or private schools). 

2. Placement of new students in mathematics 
courses, 

3. Grouping of pupils. 

4. Appraisal of the mathematics achievement 
of individuals and classes. 

5. Evaluation of methods and materials of in- 
struction. 

6. Studies of growth in achievement. 

7. Suggestions concerning needed improve- 
ment in mathematics in connection with 
conferences with pupils and parents. 

8. Diagnosis of weaknesses as a starting point 

in remedial teaching. 

. Identifeation of students with marked in- 
terest in and exceptional aptitude for mathe- 
matics and guidance of these students to- 
ward specialization in this field. 

10. Early discovery of pupils with very low 
mathematical aptitude and guidance of 
these pupils into preparation for occupa- 
tions which do not call for a background of 
mathematics. 

11. Objective reports to other schools and to 
colleges concerning the mathematical apti- 
tude and achievement of transfer students. 


© 


In addition to these uses of tests, some 
schools have occasionally used achieve- 
ment tests in mathematics and other sub- 
jects to evaluate the competence and skill 
of their teachers. It is believed that this is 
an inappropriate use of tests unless the 
greatest care is used to take into considera- 
tion all other variables such as differences 
in the intelligence of classes and differ- 
ences between the objectives and content 
of the courses and those of the tests. At 
all times, the dominating purpose of test- 
ing should be to help the individual pupil 
rather than to compare teachers or classes. 


LIMITATIONS IN MATHEMATICS TESTS 


Tests of mathematics share certain limi- 
tations with tests in all other fields. In 
some published mathematics tests the 
items are not well distributed to the dif- 
ferent aspects of the course which the test 
is designed to cover. Several items may be 
devoted to a very minor phase of the 
subject, whereas a much more important 
aspect is almost wholly neglected. More- 
over, a mathematician who will take the 
time to go through one of these objective 
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tests with great care can usually find a few 
items with which to quarrel because he 
feels that they are either badly stated or 
trivial. Such criticisms from specialists in 
the field are very helpful in the revision 
and improvement of the tests. 

It may be stated categorically, however, 
that the bad curricular distribution of 
questions and the unfortunate wording of 
certain items, while these may negate the 
value of specific tests, do not constitute a 
fundamental limitation of objective tests 
in general. These weaknesses indicate only 
that some test makers have not done their 
work well. They are limitations which can 
be overcome by means of proper tech- 
niques of test construction. 

There is a limitation to contemporary 
objective testing. however, which goes 
much deeper. Reference was made to it 
earlier in this paper. It results from the 
fact that test making follows after cur- 
riculum making, and, as a rule, lags behind 
it by several years. Thus, there is some- 
times a danger that standardized testing 
will have a somewhat reactionary in- 
fluence upon the curriculum. One of the 
outstanding needs in evaluation at all 
levels of the school and throughout all de- 
partments is to make tests more responsive 
to desirable changes in objectives and in 
courses of study. This problem is not a 
simple one, for a good test cannot be made 
and standardized over night. Neverthe- 
less, it can be solved if we can make plans 
which will insure that new tests and new 
forms of old tests take their origin from 
the common thinking of the test construc- 
tion experts and the subject specialists. 
This calls for much more in the way of 
conference and discussion between these 
two groups than has occurred thus far. 
It seems probable that we shall see a great 
deal more of this type of cooperation as 
new objective tests are developed in this 
period of post-war educational reconstruc- 
tion. 

In summary, I have tried to say that 
objective tests are one of several kinds of 
evaluation in mathematics or in any other 
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field and that the use of these tests should 
be coordinated with the other evaluative 
procedures; that no uniform program of 
standard tests will fit all schools equally 
well and that tests should be selected in 
the light of the objectives and curricular 
organization of each school; that the main 
types of objective tests are those used in 
appraisal of aptitude and achievement, 
in diagnosis, and in guidance; that reliable 
tests of each type are available and that 
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there is considerable evidence favorable to 
their validity; that the results of objective 
tests are being used by schools for a 
variety of purposes most of which seem to 
a test specialist to be suitable purposes; 
and that one of the principal educational 
measurement needs at present is to make 
comparable objective tests less static and 
more responsive to desirable innovations 
in the curriculum. 
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Changing Objectives in the Teaching of Algebra 
and Trigonometry in the Senior High School* 


By BENJAMIN BRAVERMAN 
Seward Park High School, New York City 


Tuat considerable changes have taken 
place in the point of view governing the 
teaching of secondary mathematics, as 
well as in the content of the instructional 
material and its pedagogic presentation is 
quite obvious to any one who takes the 
trouble to compare a text in secondary 
mathematics published, let us say, in 1915 
with one of more recent origin. It was 
forcibly brought home to me at the be- 
ginning of the present semester when I 
offered our department lesson-by-lesson 
syllabus in elementary algebra to a for- 
eign language teacher who had been as- 
signed to teach that subject in my de- 
partment. He studied the first few pages 
with considerable surprise. These pages of 
the syllabus deal with algebraic symbolism 
and the formula. “What,” he exclaimed, 
‘no x’s, y’s, and z’s.” He felt a little re- 
lieved when I assured him that a little 
of that would come later, but in a much 
more modified form than he had been ex- 
posed to. 

It will be my purpose this morning to 
discuss the changes that have taken place 
in the teaching of secondary mathematics 
from the point of view of the teaching of 
algebra and trigonometry, leaving to my 
good friend and colleague, Mr. Welko- 
witz, the discussion of these changes from 
the point of view of the teaching of 
geometry. 

Obviously, the changes that have al- 
ready been realized in the teaching of 
secondary mathematics and the changes 
that progressive teachers of secondary 
mathematics hope to realize in the years 
to come must have a basic philosophy of 


* Address delivered before the Metropolitan 
Section of the American Mathematical Associa- 
tion at the Brooklyn Polytechnic Institute, 
Saturday April 21, 1945. 


mathematical secondary education. What 
is this basic philosophy? 

As I see them the main objectives of 
mathematical secondary instruction are 
as follows: 

First, to give the pupil those mathe- 
matical concepts, knowledges, skills, and 
techniques which the pupil will need to 
understand and to control his social 
economic, scientific, and technological en- 
vironment. 

Second, to reveal to the pupil the im- 
portant role mathematics has played and 
will continue to play in the development 
of our civilization. 

Third, to develop in the pupil through 
his mathematical study the right kind of 
habits and attitudes. 

The following corollaries follow from 
these basic principles: 

First, the content of secondary mathe- 
matics must have a clear, direct, 
connection with the life situations that 


vital 


the pupil is experiencing or will experi- 
ence'in the immediate future. 

Second, the starting point of mathe- 
matical instruction must be genuine un- 
derstanding of the concepts and ideas of 
mathematics. 

Third, skills and techniques are to be 
taught only as needed, directly or indi- 
rectly, for the effective solution of prob- 
lem situations that 
value in the multiphase environment of the 
pupil. 

Note that in neither basic principles oF 
corollaries is any mention made of prepal- 


have meaning and 


ing the pupil for the mathematics of col- 
lege. The concept of the secondary school 
as a preparatory school for college has 
fortunately given way to the present con- 
cept of the secondary school as an institu- 
tion for the development of the pupil for 
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intelligent and happy living. With it has 
the idea that secondary mathe- 
matics is simply a preparation for the 


gone 


highly specialized courses in mathematics 
of the college. 

I shall now attempt to trace in some 
detail the changes that have been effected 
in the content of secondary algebra as a 
result of our basic philosophy of mathe- 
matical secondary instruction. First, what 
changes have taken place by way of dele- 
tion? 

A generation ago, secondary algebra was 
the best example of a science completely 
and wholly arranged topically and devel- 
oped logically. The needs of the pupil and 
the psychological factors conditioning his 
learning process were completely ignored. 
Each topic had to be developed in all its 
theoretical ramifications. Otherwise, we 
felt that the pupil would not only fail to 
appreciate the logical structure of mathe- 
matics but would be unable to cope with 
any further study of mathematics. We 
did not realize that by spending so much 
time in the exhaustive treatment of each 
topic, we were not only completely 
neglecting the vital connections of our 
subject with important life situations, but 
we were sacrificing real understanding and 
meaning of the basie concepts and proc- 
esses In favor of a pseudo knowledge of 
highly involved techniques. 

Permit me to give you a few illustra- 
tions. Because we were developing at the 
beginning of the course in algebra, the 
our fundamental operations with alge- 
braie expressions, we thought it proper to 
clutter up this topie with all kinds of in- 
trieate and complicated polynomial ex- 
And so after the expendi- 
ture of a good deal of time and energy, 
pupils were taught to add polynomials of 
the type: 2x5y4z3+ 5aty3z?—323y2z2, Qrdy4z8 
~32y'2* + 25y°z, ete. But how many of these 
same pupils could add 2a and 3b without 
giving 5ab for such sum? Similarly, we 
spent a tremendous amount of time and 
labor teaching pupils how to divide a 
polynomial like a’+b'+c?—3abe by a+b 


pressions. 
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+c. But how many such pupils could 
divide p+ prt by p correctly? 

Later in our teaching of algebra, we 
came to the topic of factoring. What a 
rich mine of logical exploitation was af- 
forded us here. And how zealously we 
went at such exploitation. Eight cases 
were not enough. Twelve and even four- 
teen were developed at what a sacrifice of 
worthwhile instructional material. We did 
succeed in getting a good many of our 
pupils to factor expressions like a‘t+a*b? 
+4, but I wonder how many of those 
pupils could have used their knowledge 
of factoring to solve correctly an equation 
of the type, ar+2=b. 

The parenthesis is an important sym- 
bol in algebraic language. Hence, how 
could we resist the temptation it offered us 
of testing a pupil’s resourcefulness by 
presenting him with expressions contain- 
ing three, four, or five parentheses, and 
to make the situation all the more in- 
triguing for the pupil, having one paren- 
thesis inside the other. All this time the 
fundamental meaning of the symbol was 
more or less ignored so that pupils were 
able to remove nests of parentheses more 
ol 


them knew that because of the law of the 


or less successfully, but how many 


parenthesis \/a?+5? was not the same as 
+2V3 


\/a?+ 52, or that was not equal 


to 2+2v/3. 

Another rich field of logical exploita- 
tion was the topic of radicals. We wasted 
precious time and effort teaching pupils 
to multiply 2 by ~/2, a skill they 
would never encounter, with the result 
that few of them were able to multiply 
correctly 2\/3 by 2\/3, a skill needed in 
applying the Pythagorean theorem. 

But I must not overlook the equation. 
That topic afforded us untold oppor- 
tunity for needless complications and we 
made and are still making good use of it. 
Hence we had pupils some years ago, 
waste their time on an example like 
xi+y!=2 and x—y=2. Today, we have 
them waste time on a monstrosity like 
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5-—x «t+ 57 

— —-— = and then we won- 
2—x 1-2 2?-3r4+2 


der why so many of them when asked to 
solve the equation 37=6, say r=3. 

I could go on indefinitely in this way. 
But is there any need? Fortunately, we 
have seen the error of our ways in the ex- 
treme situations and have corrected our 
practices. But a good deal in this respect 
still remains to be done. 

Let us now examine the changes by 
way of addition that have taken place in 
the teaching of algebra as a result of the 
application of the basic philosophy of 
secondary mathematical instruction. You 
know what these changes are. The topics 
of the formula and the graph, which were 
considered years ago as mere incidental 
topics in the teaching of algebra have now 
taken their rightful place as among the 
basic topics of the course. However, even 
today, many teachers are not fully aware 
of the numerous educational values that 
the one topic of the formula offers us. I 
should therefore like to take a moment 
or two to enumerate these values. 

First, in recalling the rule for transla- 
tion into a formula, we have a_ psycho- 
logically effective opportunity not only 
to clarify important concepts and rela- 
tions from mathematics and other fields 
of knowledge to which the pupil has al- 
ready been exposed, but to acquaint him 
with others for the first time. 

Second, in the direct translation of a 
formula, we have a splendid functional 
use of algebraic symbolism. 

Third, in the direct evaluation of a 
formula, we have an effective review of 
fundamental arithmetic skills. 

Fourth, in thinking about the relation 
between the variables in a formula under 
different conditions, we have a fine ap- 
plication of functional thinking. 

Fifth, in the indirect evaluation of a for- 
mula, we have a natural motivation for 
the equation. 


Sixth, in the written use of a formula, 
we have a meansof developing in our pupils 
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the valuable habit of organizing the solu- 
tion to a problem in proper form. 

Seventh, in many of the derivations of a 
formula, we have a rich opportunity to 
illustrate to the pupil the inductive meth- 
od of thought. 

A similar case can be made out for the 
topic of graphs. Forward looking teach- 
ers, therefore, have good reason to be 
happy over the replacement of the com- 
plicated and unnecessary algebraic tech- 
niques by such valuable topics as the for- 
mula and the graph. 

But further progress along these lines 
is possible. Let me give you just a few il- 
lustrations where such progress is possible 

We still teach division by a binomial 
divisor in elementary algebra. But the 
only vital application of this skill that | 
know of, is its application to the solution 
of higher degree equations. And at that 
time, we very properly use this skill in 
the modified form of synthetic division 
The question that arises in my mind, 
therefore, is why this skill is still taught 
in elementary algebra? Would it not be 
more sensible to postpone it until the 
pupil needs it in advanced algebra? 

Another illustration. In intermediat: 
algebra, we still teach division by a bi- 
nomial quadratic surd by the process oi 
rationalizing the denominator. I refer to 

o.,A 
examples of the type 5 M 4 As far as I 
2+V3 


know, the one important use of this skill 
arises in trigonometry in connection with 
the functions of half angles. Why not, 
therefore, postpone this skill until its use 
is made evident to the pupil? 

Also in our intermediate algebra, we 
spend a great deal of time on the theory 
of the quadratic equation, taking up in 
great detail the sum and product of the 
two roots, the formation of the equation 
from the given roots, etc. This is all beau- 
tiful theory, like the concurrency theo 
rems of plane geometry. But it is of inter- 
est only to the student specializing in 
mathematics. Hence, it can well be post- 
poned until such pupil takes up the general 
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theory of the equation in advanced al- 
gebra. 

The further elimination of topics of 
doubtful value that are still taught plus a 
more rigid adherence to the basic philoso- 
phy of secondary mathematical instruc- 
tion would make it possible to teach more 
effectively the really important topics in 
the course in algebra. 

I should like to elaborate on the point 
just made by considering the three topics 
of the binomial progres- 
sions, and the statistical 
method as they are taught or not taught 
at all at the present time. 

The binomial theorem is considered by 
many teachers in New York State, at 
least, as a two point topic. That means 
that since the topic appears in the Re- 
gents Examination in intermediate alge- 


theorem, the 
elements of 


bra as a two point question, it is worth 
only 2% of the total time spent in the 
study of intermediate algebra, or roughly 
1} to 2 recitations. How is it presented 
in so short a time? You can form your 
own picture. It is very perfunctorily intro- 
duced for n=2, 3, 4, or 5. A hasty gen- 
eralization is then made, and the theorem 
is then applied to such formal examples as 
(r+2y)5 or (2?—2)®. Never is the theorem 
applied to such vital situations as the 
construction of compound interest tables 
to any desired degree of accuracy or the 
law of probability in the tossing of two 
coins. 

Is there any topic in secondary algebra 
that offers the teacher a richer opportu- 
nity to link up his mathematics with im- 
portant and economic situations 
than the progressions? And yet how many 
teachers make these vital applications. 
Instead, we are content again with such 
formalism as, insert six arithmetic means 
between 25 and 4, or, in a geometric 
progression, a=5, n=3, L=125; find r 
and s. Compare such meaningless stuff 
with applications like the following which 
are seldom if ever mentioned: 

A man bought a cemetery plot for 
$895, paying $195 down and the balance 


social 
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in quarterly installments of $40 with in- 
terest at 6% on the unpaid balance. How 
much interest will the purchaser have to 
pay on this transaction? 

Or, a boy deposits $25 every three 
months on which he earns 2% interest 
compounded quarterly. How much will 
he have to his credit at the end of 20 
years? 

Or, a purchaser buys a house for $7500, 
paying $750 down and the balance in 
equal monthly installments over a period 
of 25 years with interest at 6% per an- 
num compounded monthly. How large is 
each monthly installment? 

Perhaps the least satisfying treatment 
at the present time of all the topics in sec- 
ondary algebra is the treatment accorded 
to the elements of statistical methods. 
For apart from a perfunctory treatment in 
elementary algebra of such phases of the 
subject as the frequency distribution and 
the mean and perhaps, the median, and a 
more comprehensive but optional treat- 
ment of the subject by some teachers in 
advanced algebra this important and vital 
topic is not taught. Thousands of our boys 
and girls are leaving secondary 
schools to face a highly complex social and 
economic environment with little or no 
idea of the handling of massed data, with 
no knowledge of sampling, the frequency 
distribution, the weighted average, the in- 
dex number, measures of central tendency, 
measures of dispersion, the normal fre- 
quency curve, and the elements of proba- 
bility. Whatever they learn is obtained 
incidentally in their social studies classes. 
In our mathematics classes, we prefer to 
give them the unnecessary and outmoded 
material already mentioned, or such use- 
less stuff like the digit problem or the al- 
gebraic solution of formal equations like 
x?+y? = 25 and 3z?—2y?=30. 

In addition to the more effective treat- 
ment of the topics of the binomial theorem 
the progressions, and the elements of sta- 
tistical methods, there is another reform 
much needed in the teaching of algebra. 
We like to refer to algebra as generalized 


our 
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arithmetic. Nevertheless, do we use the al- 
gebra as we should to develop a generalized 
relationship? Thus, when we transpose 
two consecutive digits of a number and 
get the difference between the original 
number and the new number, this differ- 
ence as you know, is always divisible by 9. 
This is an important property of our num- 
ber system and is practically applied in an 
important way by bookkeepers and ac- 
countants. Yet, is it ever mentioned in an 
algebra class or proved mathematically? 
Also, it is important, I think, for pupils to 
know the tests for the divisibility of num- 
bers by 2, 3, 4, 5, 6, and 9. These tests can 
be established very easily by using the 
general number of algebra. But is it done? 
There are other interesting relationships 
between numbers that are easily estab- 
lished by the use of the generalized num- 
ber of algebra. Thus, the difference be- 
tween the squares of any two consecutive 
numbers is equal to their sum, or the sum 
of any two consecutive odd numbers is al- 
ways divisible by 4. Are such interesting 
relationships proved algebraically? Very 
seldom, if ever. Were this phase of algebra 
given proper emphasis I am sure that pu- 
pils would have a much greater respect for 
algebra than they now have. 

Perhaps you will understand better the 
kind of mathematics that forward looking 
teachers are envisaging for the senior high 
schools by the following very brief de- 
scription of a lesson on the graph of 
y=sin x and y=cos x as executed by a 
creative teacher in one of our city high 
schools not long ago. 

The graphs had been plotted and their 
important property of periodicity pointed 
out. The period or cycle of each graph was 
then determined. The pupils were then 
shown that the cosine curve reaches its 
maximum value 90 degrees before the sine 
curve reaches its maximum value, and the 
terms, lead, and, lag, were thus brought 
in. Pupils were then asked to select two 
points on the graph having the same ordi- 
nate and direction, and thus the phrase, in 
the same phase, was brought in. 


By this time most of the pupils in the 
class already were aware of the connection 
between these trigonometric curves and 
alternating electric current. The teacher 
then developed the lesson further by ask- 
ing such questions as, what is meant by a 
60 cycle current? How many times during 
the interval of a second is such a current 
zero? Why do not the lights controlled by 
such a current go out entirely or flicker? 
How are currents at the power station 
synchronized when a sudden storm causes 
increased demand for power? 

Were the pupils thrilled by this lesson? 
I leave the answer to you. Will pupils ex- 
posed to such teaching ever want to know 
why they are studying mathematics? | 
also leave that answer to you. It is true 
that not every lesson in secondary mathe- 
matics lends itself to such a close and in- 
teresting tie-up with an important lif 
situation, but a great many of them do 
What we need are superior teachers and 
superior texts to effect this tie-up between 
mathematics and life. 

Before closing, I should like to mention 
a very desirable change that has come 
about lately in all of our secondary mathe- 
matics teaching. I am referring to the 
greater emphasis and the greater respect 
paid to arithmetic. Perhaps, the war has 
had something to do with it. Perhaps, too, 
we are beginning to realize that arithmetic 
is an integral part of mathematics. I re- 
member the time when it was considered 
good form to speak about arithmetical 
computational skill with a certain amount 
of condescension. I recall distinctly one of 
my best professors of mathematics in col- 
lege who experienced a certain amount of 
satisfaction whenever he was caught mak- 
ing an arithmetical error in computation. 
His defense was that he was a mathemati- 
cian and not a computer. And I recall the 
time in my own experience as a teacher 
when I would not accept a correct solu- 
tion to a verbal problem because it was 
done arithmetically. All this has changed, 
and properly so. The progressive teacher 
of both algebra and geometry now realizes 
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that the maintenance and improvement of 
the fundamental arithmetic skills is one of 
his chief objectives. 

In pleading for a greater emphasis upon 
the functional and a continued deemphasis 
on the formal in the teaching of secondary 
mathematics, I hope I have not been mis- 
understood as advocating a disconnected 
treatment of topics, arbitrary presentation 
of formulas and relations, mechanical ap- 
plications of processes, and rote learning. 
Nothing can be further from my mind 
than such stultifying teaching. Mathe- 
matics is the best example of a body of 
knowledge logically and sequentially de- 
veloped and must be taught that way for 
effective results on all levels. It must be 
made to appeal to the common sense and 
sound reason of pupils at their particular 
level of mental ability. It 1s because some 


teachers and texts have not realized this 
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basic psychological fact that so much of 
our mathematics teaching in the past has 
met with failure. Reason and understand- 
ing and not memory or blind imitation is 
at the basis of all effective learning. 

I hope I have not given you the impr¢s- 
sion that all is wrong or all is well with the 
teaching of secondary algebra. I have 
merely tried to point out to you certain 
desirable improvements that have been 
achieved and other improvements that we 
hope to achieve in the near future. I do not 
despair of that future. Just as the last 
thirty years have wrought desirable 
changes in the teaching of algebra, so I 
think that the next thirty vears will bring 
similar changes. What is needed is a clear 
head to see what those desirable changes 
are, and a courageous heart to carry them 


out. 
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Mathematics in the Secondary School Curriculum 


By Cart G. NorBerG 
Department of Mathematics, Greenbrier Military School, Lewisburg, West Virginia 


INTRODUCTION 


THE purpose of this paper is to de- 
scribe the past and present status of 
mathematics in the secondary curriculum, 
to consider commonly accepted aims and 
objectives of the subject, and to a certain 
degree to note the future trends as re- 
vealed in current educational literature. 

To facilitate the discussion it will be 
necessary to define certain terms whose 
meanings will be held constant throughout 
the paper. 

Curriculum will be taken to include “all 
activities of children which take place 
under the direction of the school, whether 
those activities are curricular or extra- 
curricular.””! 

Mathematics is that body of knowledge 
composing arithmetic, algebra, plane ge- 
ometry, solid geometry and trigonometry; 
that is, those subjects commonly taught 
in the last three years of high school. 

Secondary level in this paper will refer 
to the tenth, eleventh and twelfth grades. 


HisTorRicaAL BACKGROUND 


Mathematics has always been consid- 
ered one of the important subjects in the 
curriculum of the American secondary 
school. ‘The first law in America which 
dealt with the high school curriculum, the 
Massachusetts Act of 1827, required the 
teaching of algebra, geometry and survey 
ing in every high school in towns of 500 
families.”? “It is a far cry from the 
arithmetic of the Latin grammar school 
to the varied mathematical program of 
the modern period. The many changes 
which have taken place have been moti- 
vated by the prevailing tenets of the dif- 


1J. Minor Gwynn, Curriculum Principles 
and Problems, New York: The Macmillan Com- 
pany, 1943, p. 230. 

2 R. Schorling, The Teaching of Mathematics, 
Michigan: The Ann Arbor Press, 1936. 


ferent philosophic periods through which 
education has passed.’’ 

During the colonial period (1607-1770), 
the only mathematical subject of impor- 
tance in the secondary schools was in the 
curriculum of the Latin grammar schools, 
and it entered by way of the early writing 
schools. This course has been aptly de- 
scribed as a “knowledge of the rules and 
processes of vulgar arithmetic.’* No at- 
tempt was made to adapt the instruction 
to the pupil and the only arithmetic 
studied was “ciphering’” which consisted 
largely of the manipulation of integers. 
Textbooks were not generally used. The 
teacher merely dictated the problems and 
recited the rules. Breslich has stated that 
the subject was little more than a “‘me- 
chanical manipulation of figures and a 
study of rules dogmatically applied.’ 

The majority of the mathematics text- 
books published during this period were 
English editions. In the years from 1662 
1776 there were only 27 arithmetics pub- 
lished and nine were of the type includ- 
ing material other than arithmetic. 

The curriculum of the academies were 
much broader in scope than was found in 
the Latin grammar schools. Among the 
subjects taught during the period 1787- 
1870 were “arithmetic, algebra, astron- 
omy, bookkeeping, conic sections, civil 
engineering, surveying, plane geometry, 
analytic geometry, leveling, logarithms, 
mapping, mensuration, navigation, nau- 
tical astronomy, statistics and trigonome- 
try.’”* It was during these years that 
faculty psychology and_ its corollary 

* Butler and Wrenn, Teaching of Secondary 
Mathematics, New York: McGraw-Hill Book 
Company, Inc., 1941. 

4 Thid. 

5E. R. Breslich, ‘‘Arithmetic 100 years 
Ago,”’ Elementary School Journal (1924-1925). 


61. L. Kandel, History of Secondary Schools, 
Boston: Houghton Mifflin Company, 1930. 
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“mental discipline” being estab- 


lished and gaining support from school 
people. This had the tendency to 
strengthen the position of mathematics in 
the secondary curriculum. 

In 1821 the first public high school was 
established in Boston. Its early name, 
Boston English Classical School, was later 
changed to the Boston English High 
School. The infant movement gradually 
grew. By the last quarter of the nine- 
teenth century the public high school pre- 
dominated over the academy. As in the 
academies there was a tendency toward 
over-expansion, both in the number and 
content of courses offered as well as in the 
attempt to blend college entrance pro- 
grams with practical courses. These overly 
ambitious curricula were soon looked upon 
with disfavor by teachers, pupils and 
patrons as well. “By 1890 this unrest had 
reached its highest point.’ 


was 


AIMS IN TEACHING SECONDARY 
MATHEMATICS 


In considering the place of mathe- 
matics in the school curriculum, or the 
importance of the subject to general edu- 
cation, one must keep in mind the general 
aims and objectives of education as a 
whole. Few writers in the field have re- 
sisted the urge to formulate such lists. 
Likewise have various groups and na- 
tional committees of one sort or another. 

The most noteworthy of these en- 
deavors, and the most widely accepted by 
the teaching profession, are the Seven 
Cardinal Principles of Education as com- 
piled by The Commission on the Reorgan- 
ation of Secondary Education (1918). 

The aims of mathematical instruction 
on the secondary level are valid only to 
the degree that they support and con- 
tribute to the general purposes of educa- 
tion. “Such aims and purposes of teaching 
mathematics, moreover, must be sought 
in the nature of the subject, the role it 
plays in the practical, intellectual, and 


7 Paul Monroe, Principles of Secondary Edu- 
cation, New York: The Macmillan Company. 
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spiritual life of the world, and in the in- 
terests and capacities of the students.’ 
Schorling states it thus: “The primary 
purposes of the teaching of mathematics 
should be to develop those powers of 
understanding and of analyzing the rela- 
tion of quantity and space which are 
necessary to the insight into and control 
over our environment and to an apprecia- 
tion of the program of civilization in its 
various aspects, and to develop through 
habits of thought and action which will 
make these, powers effective in the life of 
the individual.”® This philosophy of 
Schorling’s as well as that of the famous 
Report of 1923, has been well exemplified 
in a more recent study. The aims and 
objectives as prepared by this group are 
briefly outlined as follows: 
1. Ability to think clearly. 
a. Gathering and organizing data 
b. Representing data 
ec. Drawing conclusions 
d. Establishing and judging the claims of 
proof 
Ability to use information, concepts and gen- 
eral principles. 
3. Ability to use fundamental skills. 
. Develop desirable attitudes. 
a. Respect for knowledge 
b. Respect for good workmanship 
c. Respect for understandings 
d. Social-mindedness 
e. Open-mindedness 
5. Interests and appreciations.'° 


bo 


res 


To quote further studies and reports 
relative to “why study mathematics,” 
seems unnecessary. However, one could 
justifiably draw from the writings of 
Betz, Wren, Smith and Reeve. Should 
one decide to do so he would discover, 
generally speaking, three classes of aims 


8 Report of the National Committee on 
Mathematical Requirements under the Auspices 
of the National Mathematical Association of 
America, Ine., The Reorganization of Mathe- 
matics in the Secondary School (Part I), 1923. 

*R. Schorling, The Teaching of Mathematics, 
Michigan: The Ann Arbor Press, 1936. 

10 Joint Commission of the Mathematical 
Association of America, Inc., and the National 
Council of Teachers of Mathematics: The Place 
of Mathematics in Secondary Education, New 
York: Bureau of Publications, Columbia Uni- 
versity, 1940. 
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(1) practical, (2) disciplinary, and (3) 
cultural. 

By practical aims is meant an immedi- 
ate or direct usefulness in life of a fact, a 
method or a process in mathematics. 
Arithmetic with its subject matter com- 
posed of the fundamental processes, per- 
centage, decimals, ete., is an obvious il- 
lustration of this aim. Aiong this line 
Schorling mentions the development of 
such traits as ‘common sense,” “judg- 
ment,” “self-reliance in the handling of 
numerical problems,” “acenracy” and 
“speed.” 

An understanding of the language of 
mathematics is essential to the average 
citizen. His daily reading matter, news- 
papers and magazines, continually de- 
mand a knowledge of quantitative rela- 
tionships. The popularization of such 
books as Dietz’s “Story of Science,’’ New- 
comb’s “Astronomy for Everybody,’ 
“This Puzzling Planet” by Brewster and 
other such semi-technical books has made 
it especially valuable to the layman to be 
familiar with mathematical terms, con- 
cepts and modes of thinking. 

Another source of utilitarian knowledge 
is in the study of statistical and algel raic 
graphs. Much worthwhile information 
from the government and from the fields 
of sociology, economics and finance, is 
passed on to the public via these “pic- 
torial data.” The ability to interpret and 
understand such material is of incalculable 
value to the reader. 

Disciplinary aims" would include those 
aims which relate to mental training, as 
distinguished from the acquisition of cer- 
tain specific skills discussed under the 
topic “practical aims.” “Such training 
involves the development of certain more 
or less general characteristics and the for- 
mation of certain mental habits which, be- 
sides being directly applicable in the 


’ 


11 Condensation from the Report of the Na- 
tional Committee on Mathematical Require- 
ments under the Auspices of the Mathematical 
Association of America, Inc., The Reorganization 
of Mathematics in the Secondary School (Part 1), 
1923, pages 9-12. 
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setting in which they are developed or 
formed, are expected to operate also in 
more or less closely related fields—that 
is, to ‘transfer’ to other situations.”’ For a 
number of years this subject of transfer 
has been a controversial one. Only re- 
cently has there been any agreement 
among educational psychologists. Accord- 
ing to the majority of day 
writers transfer of training does take 


place." The pertinent question is relative 


present 


to the manner in which, and the circum- 

stances under which, it takes place. 
Among the disciplinary aims of th 

teaching of mathematics the following 
should be considered: 

1. “The acquisition of those ideas or concepts i 
terms of which the quantitative thinking . 
the world takes place.” 

2. “The development of ability to think cl 
in terms of such ideas and concepts.” 

3. “The acquisition of mental habits and atti- 
tudes which will make the above training 
effective in the life of the individual.”’ 

4. An understanding of the “‘idea of relation 
or dependence” that is, functional thinking 


Relative to disciplinary aims, Schorling 
has said, “We shall almost certainly hav 
a revival of the theory of transfer of train- 
ing, a dissemination among school men 
generally of the knowledge now resting 
largely with the psychologists, which will 
dissipate prejudices that 
sweeping but erroneous early conclusions 


grew out of 
We are even now seeing the slogan ‘Idu- 
‘vation for adjustment’ more and mor 
frequently. When secondary school men 
come to realize that they cannot predict 
the specific situation in which a particula! 
pupil will find himself ten or twenty years 
hence, they are almost certain to advocate 


‘Education for adjustment.’ It will b 
well to then remember that they ar 
marching once more under a_ bannel 


which in actual fact symbolizes transfer 
of training.’’! 


12 In this connection see: Butler and Wrenn, 
Teaching of Secondary Mathematics, New York 
McGraw-Hill Book Company, 1941, pages 67- 
69. 

J. M. Gwynn, Curriculum Principles ané 
Problems, New York: The Macmillan Company, 
1943, pages 64-65. 
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The third and last group of general 
aims in the teaching of mathematics is 
usually classified as cultural aims. In this 
category are such intangible values as 
desirable attitudes, respect for knowledge, 
interests and appreciations. “One should 
distinguish between those types of de- 
tailed knowledge which may disappear 
after the atudy of the subject ceases and 
which _ re- 
main.’ That is to say, the pupil should 


the general appreciations 
derive from the study of trigonometry 
an appreciation of the subject to physics, 
engineering, surveying and 
that will remain after his own ability to 


astronomy 


solve problems is gone. Having studied 
plane and solid geometry the average boy 
and girl will have developed concepts of 
size, shape and form that will always have 
a definite place in his or her thinking. 
Such a possession will obviously enhance 
one’s enjoyment of, and appreciation for 
nature and art. Thus we can see how inter- 
ests aroused in the classroom can be car- 
ried over into out-of-school situations and 
leisure time activities. Appreciation of our 
cultural heritage cannot be quickly dis- 
counted as a value in the study of second- 
ary mathematics. 


PRESENT TRENDS IN TEACHING 
MATHEMATICS 


Having seen how mathematics has at- 
tained its present status in the secondary 
curriculum, and having discussed to some 
length just why mathematics should be 
taught to the youth of our nation, it 
might be well at this point to note some 
of the modern trends in the field. These 
trends are significant in that they are sug- 
gestive of the mathematics curriculum of 
the future. 


‘SR. Schorling, The Teaching of Mathematics, 
Michigan: The Ann Arbor Press, 1936. 

4 Joint Commission of the Mathematical 
Association of America, Inc., and the National 
Council of Teachers of Mathematics: The Place 
of Mathematics in Secondary Education, New 
York: Bureau of Publications, Columbia Uni- 
versity, 1940. 


It is the opinion of the writer that 
mathematics will continue to be one of 
the most important areas of the school 
curriculum, but to retain this 
marked changes will have to be made. 


status 


Classrooms, designed as_ recitation 
give way to mathematics 
These laboratories will be 
equipped with bulletin boards, library 
facilities, movable furniture—preferably 
tables and chairs, five-foot demonstration 
slide rules, 


rooms, will 
laboratories. 


transits, and 
other aids of this type which are neces- 
sary for the teaching of the “new mathe- 
maties.” In subject-matter the emphasis 


sextants and 


will be on problem solving and modes of 
thinking. Experiments seemed to have 
shown that teat correlation is preferable 
to integration or fusion." 

Another significant trend is seen in the 
fact that the Report of the Joint Commis- 
sion of the Mathematical Association of 
America, Ine., and the National Council of 
Teachers of Mathematics (1940) has de- 
voted almost one-third of its contents to 
curriculum revision in secondary mathe- 
matics. These pages were used to suggest 
various methods of correlating subject- 
matter. 

Moreover, the above Report gave one 
whole chapter to the problem of properly 
educating teachers of mathematics. Spe- 
“social and 
significant attributes,” “general culture,” 
“professional education and training in 
mathematics” and the relation of the 
mathematics teacher to the other depart- 
ments of the school. 


cial emphasis was placed on 


’ 


SUMMARY 


In the 300 vears of American education, 
mathematics has won a place in the sec- 
ondary school curriculum second in im- 
portance to no other subject. Its value in 
the development of the individual as a 


% Members of the Department of Mathe- 
matics of the University High School of the 
University of Chicago, Mathematics Instruction 
in the University High School, University of Chi- 
cago Press, 1940. 





324 THE MATHEMATICS TEACHER 


contributing member of society is re- 
flected in the aims and objectives of the 
yarious courses and the manner in which 
these aims and objectives aid in the 
achievement of the general aims of edu- 
cation. 

Just as the whole school program is 
going through a period of transition, 
likewise is the field of mathematics going 
through a period of change. Generally 
speaking, the emphasis on teaching will 
be to develop a prospective citizen who 
will be capable of assuming and executing 
the responsibilities of citizenship for the 
betterment of society and the individual’s 
place therein. 
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Some Remarks on Air Navigation with Their 
Implications for Mathematics Teaching 





By Lr. Rospertr A. Rosenspaum, U.S.N.R. 
Reed College, Portland, Oregon 


INTRODUCTION 


THE substance of this article was pre- 
sented as a talk to the Oregon Council of 
Teachers of Mathematics some time ago. 
The Okinawa campaign interfered with 
the preparation of the manuscript in a 
form suitable for publication; and, by now, 
of the illustrations are “ancient 
history.”” The development of loran, for 
example, is sure to revolutionize naviga- 
tion and to outmode several of the tech- 
niques mentioned in this paper. However, 
it is not the present purpose to describe 
modern air navigation; rather is it the aim 
to discuss a phase of interest to mathe- 
matics teachers resulting from the follow- 
ing circumstance: because of the great de- 
mand for aerial navigators during the war, 
it was impossible to choose only those with 
a mathematical or scientific background 
for training, even if it had been considered 
desirable to do so. On the whole, the men 
whom the Navy used as navigators were 
intelligent and well-educated, with no 
special intellectual qualifications which 
might make them seem natural choices for 
the job. Their mathematical abilities and 
training probably approximated the aver- 
age of college graduates in the U.S. Hence, 
observations made on this group may be 
relevant to a discussion of how our schools’ 
training in mathematics stands up under a 
“practical” test, and of what features of 
the training need more emphasis, to judge 
by shortcomings discovered in the per- 
formances of navigators. 

This report does not result from a com- 
plete, carefully conducted survey; it is 
simply the personal reaction of an indi- 
vidual who observed other navigators, 
both as a student and as an instructor in 
Navy training schools, and as a line 
navigator, a check navigator, and a train- 


many 
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ing officer in an operating squadron. An 
attempt will be made to point some les- 
sons or morals which the practice and 
teaching of air navigation have indicated 
to the author about mathematics teaching. 

It should be understood that there are 
many types of navigation and that this 
discussion will make reference to only one 
—the long-range, over-water navigation 
used in the type of operation which the 
Naval Air Transport Service conducts. 
This is quite different from the precision 
spotting needed in aerial mapping, the 
accurate ‘‘position-timing”’ associated with 
a concentrated raid on an_ industrial 
target, or the radio-range flying of the 
continental United States. The navigation 
hereinafter discussed is the most closely 
related of all aerial work to surface naviga- 
tion in the open sea. 


1. FUNDAMENTAL OPERATIONS 


Modern tables have eliminated much of 
the arithmetic connected with navigation; 
a circular slide-rule does away with some 
more. Nevertheless, there is a considerable 
amount of adding and subtracting in- 
volved in working out a celestial sight. 
Accuracy in this work is essential; speed is 
desirable. The arithmetic of many prac- 
ticing navigators is deplorable. It is not 
uncommon for a navigator to plot a posi- 
tion, find the result to be inconsistent with 
other data, check his computations, and 
discover one or more arithmetical errors. 

In a common type of report on fuel 
aboard the plane, the number of gallons 
must first be divided by 7. Most navigators 
realize that it doesn’t pay to reach for a 
slide-rule for this operation, but some of 
them perform it by long division! 

Many novices are sloppy in recording 


their observations, careless in copying 
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entries from a table, and unsystematic in 
arranging their work. Sometimes the 
navigator’s table, with its jumble of 
books, charts, scraps of paper, pencils, 
dividers and other implements, resembles 
the desk of Sir W. R. Hamilton in his later 
years, and the navigator finds a misplaced 
pair of dividers only by pawing about 
until he pricks a finger on them. If every- 
thing goes well, the confusion isn’t serious 
—at worst the work is repeated. But in 
a crisis, mistakes may be costly. 

Moral (1) Our mathematics courses 
might put greater emphasis on funda- 
mental operations, simple checks on 
arithmetical work, 
neatness. 


accuracy, and 


2. Basic PRINCIPLES 


No mathematics teacher would argue 
against the desirability of having students 
understand basic principles, but it may be 
well to adduce some examples in naviga- 
tion, because there is a notion in some 
quarters that the best navigator is one who 
performs his calculations automatically. 
An experienced navigator, of course, does 
not stop to remember “‘why”’ at each step 
in working out a celestial sight, but a good 
man not only knows the theory behind all 
his calculations but also can apply his 
knowledge of mathematics to relatively 
unfamiliar situations. Here are two ex- 
amples, different as far as application is 
concerned, but closely related to each 
other as to the basic principle involved: 

(a) A radio-direction-finder in the plane will 
point to a broadcasting station, and from such a 
bearing one has a “‘line of position,” i.e. a locus 
of the plane’s possible positions. The intersec- 
tion of lines of position resulting from different 
stations will give a “‘fix’’—determine the plane’s 
position. Occasionally, in Pacific flights, one 
passes close to a station—within 100 miles— 
and no other station is available for bearings. 
Then bearings may be taken on the single sta- 
tion, several minutes apart, and the earlier lines 
“advanced”’ to the time of the last to obtain the 
fix. In practice this is not desirable because the 
“cuts’”’ between the lines may be small, resulting 
in a large error in the fix from small errors in 
plotting. So a better method is the following: 
If, when the plane is nearly abeam the station, 
there is a change in bearing on the radio-direc- 


tion-finder of 6° while the plane is moving d 
miles (as determined from the estimated ground 
speed), then the distance D miles of the plan 
from the station is given approximately b) 
D/d =57.3/0. Then the distance D can be laid 
off from the station in the correct direction to 
give the plane’s position. 

The above formula can be memorized 
as a rule, but it would be used infrequent- 
ly, and it is much more desirable for the 
individual navigator to understand the 
principle involved—something very simple 
for anyone who knows the meaning of 
radian. 

(b) A Visual Fix. On the route from the 
Marshalls to the Admiralties one passes within 
20 or 30 miles of a small isolated atoll with thi 
tongue-twisting name of Kapingamarangi. It 
was helpful to know one’s distance from the 
island accurately, for later along the route the 
plane passed fairly close to Jap-held territory, 
and it was not desirable to be too close. The dis- 
tance from a landmark like K. may be found 
with the help of a driftmeter which has an at- 
tachment to measure the angle of dip of th 
island. If the dip angle is 6°, the known altitude 
of the plane is h miles, the distance D miles of 
the plane from the island is given by h/D=tan @ 
Ordinarily 6 will be small, so that, approxi- 
mately, tan @=06°/57.3; or, as in the previous 
example, D/h =57.3/0. 

This is another case where a_ person 
familiar with basic principles can dispense 
with rules and tables. 

Moral (2) Our mathematics courses 
should continue to emphasize basic 
principles, for they are directly useful 
in practical applications. 


3. SIMPLE Loacic 


It frequently happens that one makes a 
long flight entirely in the daytime, when 
the sun is the only celestial body available 
to shoot. This means that no fixes will be 
obtained, or at most one fix about noon. 
Suppose that one left Kwajalein at day- 
break for Johnston Island, about 1400 
nautical miles away. There is nothing but 
water along the route (no radio help or 
visual check points) and Johnston is 4 
small target. So the navigator uses sun 
lines of position, each of which determines 
the plane’s position as being somewhere 
on the line. 

The navigator has one more aid: If the 











track made good over the earth’s surface 
is abbreviated as 7R, the compass heading 
steered is written as CH, the variation and 
deviation are abbreviated as VAR and 
DEV, then 
TR=CH+VAR+DEV +Drift. (1) 
The variation is constant for a locality, 
and is printed on the chart, so no mistake 
should be made here.* The deviation can be 
determined from observations on the sun 
with an “astro-compass’’; and, as with any 
observations, there is a possibility of 
error—say 1°. If the pilot is not attentive 
to the precession of the auto-pilot, he may 
easily average out a heading 1° above or 
below the desired CH. The drift can be ob- 
served with a drift sight, but lots can go 
wrong there: there may not be enough 
white-caps on which to read drift, or the 
driftmeter may be out of alignment, or the 
navigator may miss a change in drift by 
not sufficiently frequent readings. So a 1° 
error is not impossible. If these accumu- 
late, there can be, then, a 3° error in the 
determination of track, which, in the 1400 
miles, will mean missing Johnston by over 
70 miles. Ordinarily, the radio-direction- 
finder will bring the plane in safely, but 
sometimes it may not be working, and 
then it may be necessary for the navigator 
to act on the assumption that he may be 
70 miles from his D. R. position. For lack 
of a better name, it is called “simple logic’”’ 
to realize that one doesn’t know for certain 
the left hand side of equation (1) until he 
knows all the elements of the right hand 
side, but navigators have been known to 
overlook the point. 
Moral (3) Our mathematics 
might well call 


courses 

attention to the 

dangers that attend a disregard of 
“simple logic.” 

4. THEORY AND PRACTICE 

In navigation schools students frequent- 

ly complain of being forced to absorb 

theories and refinements which they soon 


* Some spots have local attractions which 
complicate the determination of variation, but 
the Kwajalein-Johnston route is free from this 
additional bother. 
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realize will have no place in their practice 
in the air. This leads them to regard with 
suspicion all the work whose immediate 
application they cannot envisage—an un- 
fortunate attitude for students to have. 
Here is an example of theory super- 
fluous to the air navigator: Frequently a 
three star fix doesn’t result in the much 
desired “‘pin-point” but in a triangle or 
“cocked hat.” In such a case it becomes a 
question as to what point to take for the 
plane’s position at the time of the fix. As- 
suming constant error in the 3 shots, the 
most likely position for the plane is the 
incenter or one of the 3 excenters of the 
triangle, depending in a simple way on 
the azimuths of the stars. That sort of re- 
sult is of little use in long-range navigation. 
Either the triangle is too small for there to 
be an appreciable difference between the 
“cen- 
if the triangle is so large 
that there is a considerable difference, the 


above mentioned centers and any 
tral’? point; or, 


assumption of constant error is probably 
unwarranted, and the navigator should 
shoot another fix. 

On the other hand, here is a refinement 
navigators 


sometimes overlook: 


travel 


which 
Since radio waves along great 
circles, a bearing from a radio station must 
be corrected slightly before being plotted 
as a straight line on a mercator chart. The 
correction is a function of the positions of 
the station and the plane; it is approxi- 
mately equal to 3DJZ,-sin L, 
DL,=the difference in longitude of the 
station and the plane, and L is the mid- 
latitude of the station and the plane. (The 
units of the correction and those of DL, 
are the same.) 

In low latitudes this correction is negligi 
ble, but with bearings taken several hun- 
dred miles out at sea 
for example—the correction is appreciable. 


where 


on San Francisco, 





With students who are not interested in 
theory per se, the “uselessness” of the 
theory in the first example leads them to 
scorn all theory, so that they may miss 
the “usefulness” of such a result as is con- 
tained in the second example. It would be 
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desirable for the instructor to be explicit practical applications of what is presented 
in distinguishing between what he presents in class, and to hold his students’ respect 
as being customary practice and what he for the pure theory which he teaches. 


introduces for the purpose of explaining Moral (4) In our mathematics courses, 
that practice. it should never be theory vs. practice, 
Similarly, a mathematics teacher should but always theory and practice. 


be able to speak authoritatively about 





Youth's No. | Enemy 


Before you read this—stop just a moment and think of some child or young person 
who is very dear to you. 

Maybe you have a mental picture of your own son or daughter, or maybe it’s a niece, 
a nephew or some cute neighborhood kid. 

There isn’t anything you wouldn’t do, within your power, to prevent that youngster 
from injury or suffering. 

Yet 20,000 such youngsters will be struck down this year utterly needlessly—aunless 
something is done now to prevent such tragedy. They will be the victims of accidental 
death which annually takes the lives of more children and young people between 1 and 
19 years of age than the ravages of pneumonia, infantile paralysis, diarrhea, enteritis, 
whooping cough, diphtheria, cerebrospinal meningitis and scarlet fever—all combined. 

In addition to the 20,000 children and youths who were accidentally killed last year, 
76,000 adults met death. The injured numbered 10,000,000 of which 340,000 were per- 
manently disabled. In fact, 60% of all permanent physical impairments in this 
country today were suffered through accidents. 

The tragedy of it all is that those accidents were preventable. They didn’t just happen. 
They were caused, The causes of accidents can be removed by better and more wide- 
spread knowledge. These cities have shown concretely what can be done: 

St. Louis has reduced fatal home accidents 59% in two years. 

Cleveland, Rochester, Cincinnati and Detroit have cut vehicle accidental deaths 
nearly 50% since 1935. 

Kansas City cut traffic deaths among school children 65% during the past 
10 years. 

Lansing, Mich., has reduced all types of accidental death 50% since 1939. 


Those cities did something about the problem in their own communities. They re- 
moved the causes of accidents with a program of intelligent accident prevention «c- 
tivities. Those same types of activities need to be put into effect in all communities 
throughout the nation. 

To accomplish this task, the National Safety Council is launching its first Green Cross 
for Safety Campaign to raise funds for an expanded accident prevention program. Your 
help is being sought. 

When you think of that child who is dear to you, remember that your contribution 
to this national fund will go for his protection. Whatever you give will be an investment 
in future America, for accidents are the No. 1 Enemy of American Youth. 
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What Is General Mathematics? 





By KENNETH E. Brown 
East Carolina Teachers College, Greenville, N. C. 


As our HALLS of learning are bulging 
from the surge of returning veterans, 
courses are being added to fill the needs of 
this large heterogeneous group, many of 
whom are non-mathematics specialists. 
Among these courses are those bearing the 
title General Mathematics. 

What is general mathematics? Do all 
textbooks with the title, General Mathe- 
matics, Fused Mathematics, Correlated 
Mathematics, Freshman Mathematics, In- 
troductory Mathematics, and so on, contain 
substantially the same material? Will any 
of these textbooks provide the material 
needed for the terminal 
courses as recommended by the Joint 
Commission of the Mathematical Associ- 
ation of America and the National Council 


mathematics 


of Teachers of Mathematics? It was in 
seeking an answer to these and kindred 
questions that I recently made an analysis 
of more than fifty textbooks in general 
mathematics. 


THE TERM “GENERAL 
MATHEMATICS” 

Before we look at the results of this 
analysis, perhaps we should recall that 
college mathematics for freshmen is or- 
ganized along two general lines—tradi- 
tional compartmental and so-called mod- 
ern non-compartmental. A common se- 
quence of subjects in the compartmental 
organization is algebra, trigonometry, 
analytic geometry, and in some cases, the 
calculus. The non-compartmental plan is 
represented by a course of mathematics 
consisting of topics from algebra, trigo- 
nometry, analytic geometry, the calculus, 
and other branches of mathematics in 
harmony with the objectives of the 
courses. These topics are usually correlated 
and built around some unifying theme 
with the arrangement of the content ma- 
terial in a psychological rather than a 
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logical order. The term ‘‘general mathe- 
matics” in this discussion will denote the 
type of non-compartmental course just 
described. 


ANALYSIS OF GENERAL MATH- 
EMATICS TEXTBOOKS 


In securing the titles of the general 
mathematics textbooks to be analyzed, I 
made use of Reader’s Guide to Periodical 
Literature, Publishers Trade List Annual, 
Cumulative Book Index, Educational 
Index, and the card indexes in the libraries 
of New York University, Teachers Col- 
lege, and Columbia University, and the 
responses to a questionnaire from more 
than 450 teachers of general mathematics. 
More than fifty textbooks whose titles 
were thus obtained were analyzed accord- 
ing to style of presentation and percentage 
of pages and exercises devoted to various 
topics in mathematics. Although this list 
of textbooks may not be exhaustive, it 
may be considered representative of the 
textbooks used in this field. 


THREE TYPES OF 
TEXTBOOKS 

For convenience in analysis these gen- 
eral mathematics textbooks were sepa- 
rated into the following three groups ac- 
cording to the objective of the textbook as 
set forth by its author: 

1, Preparatory—to prepare students for 
a profession, semi-profession or vocation in 
which mathematics is a useful tool. 

2. Cultural—to prepare students to be 
intelligent citizens, mathematically—to 
transmit those concepts and skills that are 
the necessary equipment of a desirable 
citizen; to emphasize the understanding of 
mathematical concepts and to show the 
relation of mathematics to other great 
fields of learning with little emphasis on 
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the manipulative aspects in problem solv- 
ing. 

3. Combination (Preparatory and Cul- 
tural)—to attain both objectives above by 
meeting the needs of the large academic 
terminal mathematics group and, also, to 
furnish an adequate preparation for the 
minority who wish to pursue further 
courses in mathematics. 


PREPARATORY TYPE GENERAL 
MATHEMATICS 


An examination of the content material 
of the preparatory type courses revealed 
that each contained the traditional ma- 
terial of algebra, trigonometry, and ana- 
lytic geometry. The difference was in the 
inclusion of the calculus and special topics, 
and the emphasis on certain topics. 


Combination (Preparatory-Cultural) 
Type General Mathematics 


Although a complete record of the de- 
tailed analysis of the textbooks is neither 
feasible nor desirable in this discussion, the 
accompanying table was included in order 
to give a clearer picture of the content of 
the general mathematics textbooks. The 
seventeen topics listed in the table are 
substantially those recommended by the 
Joint Commission for General Mathe- 
matics Type 1 and General Mathematics 
Type 2. It will be readily seen from the 
table that the average per cent of the 
preparatory type textbook devoted to the 
various topics is practically the same as 
that of the combination (preparatory- 
cultural) type. A further analysis of the 
combination type textbook revealed that 
not only content but style of presentation 
was similar to that of the preparatory 
textbook. 


CuLTURAL TypE TEXTBOOK 


The cultural type textbooks contained 
less emphasis on algebra, trigonometry 
and analytic geometry both in proportion 
to pages and to problems devoted to the 
topics, and in addition contained topics 
from many of the fields of higher mathe- 
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matics. Greater even than the difference 


in content was that of the style of writing. 
The narrative, informal discussion, at 
times bordering on the ‘chatty’ type, 
seemed to prevail in the cultural type 
textbook. The desire to secure the interest 
of the reader rather than to give a logical 
presentation of mathematics revealed it- 
self in the organization of the material. 
Thus the examination of the content of the 
general mathematics textbooks revealed 
that the preparatory and combination 
tvpe contained substantially the same ma- 
terial with similiar organization and style 
of presentation but differed only in the ob- 
jective as given by the author of the text- 
book. However, the cultural type text- 
books differed from the other two types of 
textbooks in content, organization and 
style of writing. 


Mathematics Textbooks Vs. Recom- 
mendations of Joint Commission 


It should not be assumed that any one 
cultural type textbook éontained all the 
topics recommended by the Joint Com- 
mission or even all the topics as indicated 
by the “‘average”’ textbook in the table. 
For example: nearly four per cent of one 
cultural textbook was devoted to Topic 
Number 7 while another cultural tvpe 
textbook ignored it completely, however, 
the average of all the cultural type text- 
books examined was nearly one per cent. 
Likewise, approximately fifteen per cent of 
one cultural textbook was devoted to 
Topic Number 17 and three other cultural 
type textbooks placed little emphasis on 
the topic. In fact, in none of the textbooks 
examined was there an adequate discus- 
sion of all the 17 topics listed in the table. 
This, perhaps, accounts for the large num- 
ber of teachers who indicated on a recent 
questionnaire that they were using ma- 
terial selected from several textbooks to 
meet the objectives of their course. 


SUMMARY 


Thus, general mathematics as indicated 
by an analysis of the textbooks in the field 
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WHAT IS GENERAL MATHEMATICS? 





TABLE 
The Per Cent of Each Type of General Mathematics Textbook 


Devoted to the Indicated Topics 





Topic A B ( 

1. Measurement and computation 3.6 ¢.3 9.2 
2. Klementary trigonometry i2.2 9 32 
3. Graphs and equations 19.3 20.2 16.6 
4. Conic sections 13.4 7.4 3.2 
5. Statistical representation and normal distribution LS 28-25 
6. Klementary mathematics of finance 5 ae 
7. Series 3.2 4.8 5.4 
8. Derivatives iW.4& 86 82 
9. Integration 3.9 3.3 6.8 
10. The genesis and development of mathematics 3.0 
11. Kuchdean and non-Euclidean geometry 9 
12. Number: simple illustrations of number theory 4.4 
13. The group concept 9 
i4. Classes 5 6.1 
15. Functions: varieties; use in studying scientific laws 1.3 6 4.7 
16. Further mathematical aspects of the physical sciences: use of 

differential equations in studying phenomena; relativity, and 

other modern physical theories 5 
17. The nature of mathematics 4.8 


A—The preparatory type of textbook 


B—The combination (cultural-preparatory) type of textbook 


C The cultural type of textbook 


Interpretation of table: The number 9.2 in line with topic 1 under “C”’ is not necessarily the 
per cent of the pages of any one cultural textbook devoted to that topic. It is the average of the per 
cents of all the cultural textbooks examined as applied to that topic. 

For the subdivisions of these topics refer to the Fifteenth Yearbook of the National Council of 


Teachers of Mathematics, pages 159-161. 


from the traditional freshman 


course in algebra, trigonometry and ana- 


varies 


lytic geometry to selected topics in higher 
mathematics and its applied fields. Since 
the selection and emphasis of the topics 
vary so markedly in the cultural type of 
textbook, and many of these textbooks 
will not provide adequate material in 
topics 10 to 17, the teacher must make a 
careful analysis of the textbooks to deter- 
mine the one or ones that will fill the needs 
of the class. This variation in the content 
f the textbooks is an indication of the 


attempt that authors have made to secure 
desirable material for the large academic 
group of non-mathematics specialists. 

Perhaps this lack of uniformity in the 
cultural type general mathematics text- 
book during its experimental stage is de- 
sirable since the heterogeneous groups now 
entering the college necessitate a flexible 
mathematics course but it also places a 
greater responsibility on the teacher in 
securing a textbook that will fill the needs 
of the students. 
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Suggestions for Efficiency in Teaching Arithmetic 


By Fioyp C. Hruu, Supervisor of Teaching, and 
Joun M. Mituer, Director of Teacher Training 


Eastern Oregon College of Education, La Grande, Oregon 


THE FACT is generally accepted by 
educators that arithmetic is taught in 
public schools today for two general pri- 
mary purposes, namely: (1) to enable 
future citizens to carry on the business of 
the everyday world and (2) to do it with 
the highest degree of efficiency attainable. 
Our everyday world may be the household 
of the housewife or it may be the compli- 
cated transactions of big business. In 
either case, the objectives are the same 
accurate results in the most efficient man- 
ner possible. 





ESTABLISHING PURPOSES 


If the above be the general objectives of 
arithmetic then the teaching must be done 
with those purposes definitely fixed in the 
mind of the instructor and with the need 
for the attainment of those outcomes 
firmly fixed in the minds of the pupils be- 
ing taught. 

To assure that the children have an 
understanding of these objectives it will be 
necessary that much classroom discussion 
within the understanding and experience 
of the children be carried on about these 
purposes. This may be attained by discuss- 
ing the uses of arithmetic within the ex- 
perience of the children themselves as 
well as the uses their parents find neces- 
sary in utilizing a knowledge of numbers. 

Some of the topics which might be dis- 
cussed with children are uses of arithmetic 
in games they play and in preparing fields 
and courts for such games; in their hand 
work in connection with club activities 
both within and outside the school; in 
buying and selling within the experiences 
of the children; and the wise budgeting 
and use of the money they obtain. 

If enough illustrations of purposeful use 
of arithmetic are discussed with the 
children, it will become evident to them 


that in order to attain a high degree of ef- 
ficiency it will be necessary to develop ac- 
curacy and speed in the use of all opera- 
tions involving numbers. Knowledge of 
common facts such as number combina- 
tions, tables of measurement, and funda- 
mental processes is necessary to assure 
success and must be recognized as a means 
to an end rather than an end in itself. The 
proper use of common tools such as the 
ruler. the compass, and the protractor, are 
also important contributing factors in 
mathematical computations. 

One illustrative technique for effective 
inculeation of the purposeful use of arith- 
metic is through the presentation of a 
dramatization on the signing of the Decla- 
ration of Independence. Such a project 
would involve the building of scenery with 
measuring, determining quantity and 
quality of materials to be used, as well as 
the costs involved. Costumes to be made 
would present similar practical problems 
in the selecting, purchasing and measuring 
of materials. The preparing of the stage 
itself would involve such problems as 
proportion and balance which calls for 
ability to estimate as well as to measure 
distances. 

To further illustrate the actual working 
of the above project, suppose the children 
plan to build flats for staging the drama- 
tization. The following problems would 
immediately become evident: (1) what 
kinds of materials are needed, (2) how 
much of each kind, (3) cost of each kind of 
material, (4) measuring, cutting and 
assembling materials for the frames, (5) 
measuring, cutting and fastening covering 
materials over the frames, (6) painting and 
decorating the flats when they are as- 
sembled, and (7) the check-up to deter- 
mine the accuracy of the original planning 
in the light of materials and supplies 
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remaining when the project is completed. 
Such a project involves the use of 
arithmetical processes of a very practical 
nature, such as (1) costs in buying, (2) 
fractions in measuring, (3) measuring of 
angles and rectangles in assembling, (4) 
areas in determining surface to be deco- 
rated, and (5) other processes of a related 
nature in working with the materials. 


PrRocEDURE BASED ON PURPOSES 


If one takes the time to examine the 
methods and procedures of arithmetic 
teaching within a given area, many inter- 
esting facts can be brought to light. Per- 
haps the most outstanding will be the lack 
of uniformity of thought on which the 
teaching is based. If arithmetic is to be 
taught with any degree of efficiency within 
a school system, the objectives and phi- 
losophy foundational to that teaching 
must be uniformly understood. The think- 
ing of the teacher must be guided by the 
educational objectives and practices of the 
school system if maximum results are to be 
obtained. 

In a state where the system of education 
is strongly organized and centralized, the 
course of study will determine the methods 
Local 


school systems will necessarily need to 


and procedures to be followed. 


adapt these suggestions in the course of 
study to their own particular situations 
and needs. 

All standard textbooks in arithmetic 
are based on a definite philosophy of 
education. To insure that effective teach- 
ing will be done, a careful analysis of the 
textbook adopted must be made from the 
following angles: (1) does it agree with the 
philosophy advocated by the school sys- 
tem, and (2) are uniform methods and 
procedures followed throughout the 
grades. Textbook selection is a very im- 
portant function of the supervisory staff of 
any school. 

The educational philosophy of a school 
system is perhaps the most important of a 
series of criteria by which the efficiency of 
arithmetic teaching is judged. If the phi- 
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losophy is left to the individual teacher, 
the methods of teaching will differ from 
teacher to teacher in the various grades 
and rooms. As a result, a series of misin- 
terpretations and misunderstandings may 
arise in the n inds of pupils and teachers 
alike, because (1) the teacher does not 
know the method that has been used by 
preceding teachers; and (2) the child is not 
mature enough to eliminate the confusion 
that arises through two methods of presen- 
tation, with the result that he uses parts of 
ach method. For example, the mechanics 
of the teaching of subtraction of fractions 
may be taught in several different ways. If 
the fifth grade teacher were to teach one 
method and the sixth grade teacher would 
insist upon another procedure the follow- 
ing year, inaccuracies, confusion and loss 
of general efficiency would result. 

To further emphasize the need for uni- 
formity of procedure, the following illus- 
trations, dealing with the teaching of ad- 
dition of fractions were taken from a 
widely used textbook and a work book 
frequently used within the same school 
system. 


Textbook method: Workbook method: 





1 8 24 
437 404 1 
‘ ~ g 
3 18 ? 
‘4 ‘24 
9 3 
mk om Bin 7 18 
+. = 4 
oe . 
47 23 oo | 2 
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1723, 47_ 123 
"24 | 24 24 


The authors make no effort to weigh the 
relative merits of the two methods but 
merely point out the existence of two dif- 
ferent ways of presenting the same opera- 
tion to the children within the same school 
system with resulting confusion in the 
thinking of the children. 

The teacher, in order to teach with the 
highest degree of effectiveness must be al- 
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ways conscious of the importance of each 
detail in the presentation of the subject 
matter. For example, consider the instruc- 
tor who teaches that “and” is used for 
reading decimals and mixed numbers, then 
reads 365 as three-hundred and sixty-five 
instead of three hundred sixty-five as good 
mathematical practice dictates. Some 
teachers may say that a small error of this 
nature is unimportant, but it is the “little 
grains of sand”’ which build the necessary 
consistency leading to efficiency. 

To further emphasize to the children the 
importance of the correct use of ‘‘and’’ in 
reading numbers the teacher might dictate 
to them a number of examples like the 
following: “two hundred twenty-one 
thousandths,”’ ‘two hundred and twenty- 
one thousandths.”’ 

With such illustrations it is not difficult 
to show the importance of ‘‘and.”’ The first 
illustration is written .221 while the second 
is written 200.021. If the term ‘‘and”’ were 
not used accurately in the above illustra- 
tion, great differences of value could creep 
in. If one meant two hundred twenty-one 
thousandths but would say two-hundred 
and twenty-one thousandths, one would 
get 200.021 which is an error of approxi- 
mately 900%. 


ESTABLISHING UNIFORM PROCEDURES 


The establishment of uniform pro- 
cedures in the teaching of arithmetic 
throughout the school system is very im- 
portant and necessary if confusion and 
waste of time on the part of the child are 
to be prevented. 

This uniformity of procedures can only 
be established by the cooperative efforts of 
both the teachers and the supervisor. The 
first step in these cooperative efforts is to 
agree on the general and specific objectives 
of arithmetic teaching. 

The supervisor must make sure that all 
teachers are in complete agreement on the 
interpretation of these objectives. This 
agreement must cover the objectives 
throughout the grades as well as the ob- 
jectives of each grade. 


The teachers, with the leadership of the 
supervisor, should carefully analyze the 
methods suggested in the course of study 
and the textbooks. In some cases a lack of 
uniformity will be noted between courses 
of study, textbooks, and suggested sup- 
plementary materials as noted elsewhere 
in this paper. 

Under such conditions the teachers and 
supervisor should agree upon a method 
based upon the objectives which have been 
established. Where more than one method 
is suggested in a text all teachers of arith- 
metic must have firmly in mind which of 
these methods is to be followed. 

For example, in subtraction some text- 
books use the take-away borrow method 
while other textbooks show the take-away 
-arry method. It goes without saving that 
if children are confronted with both meth- 
ods, confusion will arise. If the take-away 
borrow method is presented in the pri- 
mary grades the teachers in the inter- 
mediate and upper grades in their remedial 
instruction should follow this same 
method. 

After the objectives and methods of 
teaching have been established within a 
school system, it is the responsibility of the 
teacher to present the material to be 
taught to the child in such a way that no 
lost motion will result from trial and error 
methods. It is the job of the teacher to de- 
velop and apply devices which make the 
work understandable to the child. It is 
here that teacher initiative plays its most 
important. role. 

The teacher who can bring into play the 
most natural situations for the use of num- 
bers will, other things being equal, be the 
most successful and efficient teacher of 
arithmetic. Natural situations are neces- 
sary to present the need which is the in- 
centive for developing independent 
thought on the part of the pupil. The pur- 
poses agreed upon by the members of the 
staff must constantly be examined by the 
teacher to assure that the teaching pro- 
cedures used in such situations conform to 
these principles. 
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VocABULARY DEVELOPMENT 


In the experience of the writers, one of 
the most neglected phases of the teaching 
of arithmetic is that of vocabulary de- 
velopment. If a child is not familiar with 
such terms as dividend, divisor, and quo- 
tient, he certainly cannot efficiently dis- 
cuss or analyze a problem in division. It is 
essential that the teacher devise ways of 
teaching arithmetical vocabulary to pupils 
without devoting excessive teaching time 
to the task. 

One effective method for developing this 
vocabulary is to place on the bulletin 
board for easy reference and within the 
vision of each child in the room, illustra- 
tions of problems with various parts 
labeled. This makes it possible for the 
teacher to call attention to the correct 
term without waste of teaching time or 
effort. The teacher should then insist upon 
the children using the correct terms on all 
occasions when they discuss examples or 
problem situations. 

For example, in multiplication a chart 
like the following might be conveniently 
posted for ready reference. 


924— Multiplicand 
X36— Multiplier 


5544 | ‘ 
9779 ( Partial Products 
33264 Product 
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If, in the midst of discussion, a pupil 
shows doubt as to the proper term to use, 
the teacher may simply point to the cor- 
rect term without loss of teaching time. 

In all 


should bring in correct use of arithmetical 


class discussion, the teacher 


terms at all times. A continued use of 
words is the only sure means of establish- 
ing those words or terms as a part of the 
pupil’s vocabulary. 


CLASSROOM PROCEDURE 


There is danger, which leads to ineffi- 
ciency, of devoting too much time to the 
assignments and to the correction of long 
lists of examples in order to develop ac- 
curacy. A more effective method might be 
to devote a larger portion of each period to 
supervised study both of the examples and 
of the analysis and solution of problems, in 
which accuracy is only one criterion of ef- 
ficiency. Quality and exactness must be 
attained as well as an understanding of the 
processes necessary. What employer will 
accept ninety per cent accuracy in his 
business? Arithmetic is an exact procedure 
and it must be taught with just as high a 
degree of accuracy as chemistry or any 
This 


scientific era requires additional emphasis 


other similar subject. post-war, 
upon accuracy and efficiency in the teach- 
ing of arithmetic if normal progress is to be 
maintained in today’s rapidly changing 


world. 





I AM CERTAINLY not an advocate for frequent and untried changes in laws and constitutions. I 


think moderate imperfections had better be borne with; because, when once known, we accom- 


modate ourselves to them, and find practical means of correcting their ill effects. But I know also 
that laws and institutions must go hand in hand with the progress of the human mind. As that be- 
comes more developed, more enlightened, as new discoveries are made, new truths disclosed, and 


manners and opinions change with the change of circumstances, institutions must advance also, 


and keep pace with the times, 


THOMAS JEFFERSON 
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Plotting the Parabola 


By Hexen 8. Coiuins 
Brookline High School, Brookline, Mass. 


SEVERAL years ago, in teaching my 
classes in Intermediate Algebra, I de- 
veloped the method of graphing the para- 
bola which I will describe later. This last 
year, my colleagues and J have reviewed a 
number of recent algebra books in order to 
select a new text for our classes. Although 
some of these explained in part the method 
which I have been using, not one of these 
suggested to the pupil exactly where to 
start in choosing the points to plot or 
where to stop. 

A typical example used in illustrating 
the graph of the parabola would be the 
equation y=2?—6r+8. The following 
table of x and y values would probably be 
given and the accompanying graph drawn. 

















Ifx= }1 | 2 3/4) 5 
Then y=|3|0|-1| 0/3) 
; 

x’ x 
si 


Therefore, in plotting the graph of the 
equation ._y=2z?—2zr—8 the pupil would 
be likely to try the same values for z as 
were given in the table above and get the 
table below: 


If z= 1 











| 
en | 
Then y=|—9 l-8 





which would give him just half of his 
curve. 

If the pupil were given the equation 
y =x* +5xr—24 to plot and he again used 
the same values of x he would obtain the 
following table: 





Then y=! —18|—10) 0 | 12 | 26 
which would form less than half of the 
curve. 





y 

Since the value —b/2a for x is half way 
between the two places where the graph 
cuts the x-axis, since it equals half the sum 
of the roots, then 2 = —b/2a is the equa- 
tion of the axis of symmetry, and the turn- 
ing point of the parabola is on this line. 

I have the pupil find the turning point 
first and label it 7.P., then take points one 
space to the left and right alternatel) 
until the graph crosses the x-axis. If the 
z-value of the 7'.P. is a whole number or a 
mixed number with the fraction 3, then 
each pair of points on both sides of the 
T.P. will have the same y-value, and this 
will check the pupil’s numerical accuracy 

To illustrate with the equation 
y=2?—2xr—8: the x-value of the 7.P. is 
—(—2/2) or +1. The z-value of the next 
point to the left is 0, to the right is 2. The 
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next to the left is —1, to the right is3, and __ the equation of the axis of symmetry z=1 
so on until the values for y become posi- and the minimum value of the function, 
tive. In the case of the curve in the reverse —9, which are often required to be found. 
position, the table should be continued 
until the T.P. values of y become negative. 





If z= 

















“|-9 |_-g|—s|—s\—5 











Once the co-ordinates of the turning 
point are known, r=1, y= —9, we have 








OFFICIAL NOTICE BY EDWIN W. SCHREIBER, SECRETARY 
The National Council of Teachers of Mathematics 


As secretary of the National Council of Teachers of Mathematics, I officially announce 
the annual election of certain officers of the National Council, said election to take 
place February, 1947. 


At the Atlantic City meeting February 26, 1938, the Nominating Committee, 
consisting of the two most recent ex-presidents and the secretary as chairman 
(for the year 1946: Roll and R. Smith, F. Lynwood Wren and Edwin W. Schreiber), 
was instructed to prepare an official ballot naming two eligible candidates for each 
elective office, reserving a blank space for a third prospective candidate whose 
name may be written in by the voter. The officers to be elected are: Second Vice- 
President 1947-1948, and three Directors, 1947-1949. The official post card ballot 
will be sent through the mail about February 1, 1947. 


The periods of service of the officers of the National Council, from its organiza- 
tion in February, 1920, to the present time are printed on the following page. 


Epwin W. ScureiBer, Secretary 
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Report of the Treasurer 
Epwin W. ScurerBeEr, State Teachers College 
Macomb, Illinois 
For the Year, Feb. 1, 1945 to Feb. 1, 1946. 


Salance on hand at beginning of year: 


pe National Bank of Macomb... $ 1.288.53 
Bavings Bank Deposit... . ae 2,787 .02 
U : Treas. Bond, 2%, June 5 » 1952 54 1,000 .00 
US S. Treas. Bond, 23%, — », 1966-71 2 ,000 .00 $ 7,075.55 
Receipts for the year: 
Mathematics Teacher, W. D. Reeve. . 1,706.05 
Bureau of Publications, Year Books. t 004.74 
Interest on Bonds ite a : 84.36 
Interest on Savings 2o.12 5,820.28 


$12,895.83 
Expenditures for the year: 


Chicago Meeting $ 656.17 
Commission on Post-War Plans 588.02 
President’s Office... ioe 250 .00 
Reorganization Committee 50.00 
Publicity Committee = 25.00 
Contingency.... 22 .56 
Secretary-Treasurer’s Office 

Postage and Supplies. . . 150.00 

ee eee 50.00 

Stationery... a 50 .00 

Secretary Service 300 .00 

Bond Expense... 58.25 

Banking Expense... 1.51 


609.76 


2,201 51 
$10, 694. 
Statement of Assets in the Treasurer’s Office 
Commercia. Bank Deposit.... eee $ 852.17 
S +“: Bank Deposit......... i 3,842.15 
U. Treas. Bond, 2%, June 15, 1952-54... ‘ 1,000 .00 
U. S. Treas. Bond, 24%, Mar. 15, 1966-71 ; 4,000 .00 
U. S. Treas. Bond, 24%, Dec. 15, 1967-72... 1,000 .00 1945) (1944 
$10,694.32 $7,075.55 $ 5,905.16 


(Signed) Epwin W. ScHREIBER, T7'reasurer 


The above account has been audited and found correct. 


(Signed) W. S. ScutauGn, Auditor 
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° EDITORIAL ° 





SHORTAGE OF TEACHERS 


ACCORDING to recent figures, approxi- 
mately 500,000 teachers have left the 
teaching profession since Pearl Harbor, 
and 60,000 teaching positions were unfilled 
during 1945-46. Emergency certificates 
were given to 1 out of 10 teachers em- 
ployed and enrollment in teacher training 
institutions is far below normal. This is not 
only an extremely large number, but it is 
further evidence of an alarmingsituationso 
far as the perpetuation of our democratic 
system in this country is concerned. And 
the worst part of it is that the American 
public is not as much concerned about it 
as it should be. There are several fairly 
obvious reasons why we not only have an 
acute shortage of teachers in general, but 
also why the number of well qualified 
teachers is dangerously low. What applies 
to the general field applies equally well, if 
not to a greater extent, to mathematics. 

In the first place, the lack of esteem in 
which teachers are generally held by the 
public causes teachers to leave the profes- 
sion after a period of unhappy service, 
and in many cases potential teachers de- 
cide not to enter teaching at all because 
of the attitude of the public toward teach- 
ers. Their community status is not what 
it should be. This manifests itself in 
various ways: 

1. Teachers are not expected to be free 
to live as they wish, or as other profes- 
sional people do. 

2. Other professions which help to mold 
public opinion look down upon the teach- 
ing profession often because the academic 
and professional standards for teachers are 
low by comparison and they feel superior. 

3. People who, in a given locality, could 
make the living conditions of their teach- 
ers more comfortable refuse to do so for 
one reason or another, and, as a result, 
teachers have to live in quarters not suit- 
able for rest and proper relaxation. Even 


in many schools no place is set aside where 


a teacher can go for relaxation even if he 


had time to doso. 

In the second place, salaries for teachers 
have been and still are disgracefully low 
In some places the scrub women in cer- 
tain business places make more money 
than some teachers. Of course some one 
may say that some teachers may get more 
than they are really worth and still be 
telling the truth so far as such teachers 
are concerned, but this does little to solve 
the problem. Better teachers cannot | 
secured, particularly men teachers, until 
salaries are substantially increased. There 
is some indication right now that a move- 
ment to increase teachers salaries is on thie 
way, but no appropriate increases are yet 
in sight. Time is running out. Young 
people who are qualified for a high type 
of leadership in moral, intellectual and 
cultural matters are going into other lines 
of work because otherwise they cannot 
maintain a decent standard of living. 

In mathematics the situation is bad. 
People are permitted to teach mathe- 
matics who are not at all properly quali- 
fied. In some cases it would be better to 
have no teacher at all. So, along with in- 
creases in salary there should go a move- 
ment to raise academic and professional 
standards for teaching. If standards are 
raised, this will mean longer training pe- 
riods for teachers and even though higher 
salaries are offered to entice people to go 
into teaching, scholarships should be made 
available for certain promising young 
people so that they can be induced to take 
up teaching as a life work. State and Fed- 
eral governments might do well do sub- 
sidize the most promising youth for teach- 
ing careers. Colleges and Universities 
might offer a few such scholarships. 

Again, those who are teachers, and 
others in the schools, who have interests 
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@ IN OTHER PERIODICALS ¢ 





By NATHAN LAZAR 
Midwood High School, Brooklyn 10, New York 


The American Mathematical Monthly 


May 1946, Vol. 53, No. 5. 

1. Allendoerfer, C. B., ‘Slope in Solid Ana- 
lytic Geometry,”’ pp. 241-247. 

2. Erdés, P., “On Sets of Distances of n 
Points,” pp. 248-250. 

3. Agnew, R. P., “Summability 
Series,”’ pp. 251-259. 

1. McShane, E. J., ‘An Interpolation Formu- 
la,’”’ pp. 259-264. 

5. Buck, R. C., ‘‘Prime-Representative Func- 
tions,”’ p. 265. 

6. Recent Publications, pp. 266-269. 

7. Problems and Solutions, pp. 270-286. 

8. News and Notices, pp. 287-288. 

9. General Information, pp. 288-293. 
(a) Important Legislation before Congress; 
(b) Wahlert, E. H., ‘Education for All 

American Youth’’; 

10. The Mathematical Association of America, 

pp. 294-298. 


of Power 


June-July 1946, Vol. 53, No. 6. 

1. Rainville, E. D., “Symbolic 
Among Classical Polynomials,”’ 
305. 

DeCicco, John, “Differential Geometry in 
the Kasner Plane,’”’ pp. 305-313. 

3. Erdés, Paul, and Niven, Ivan, “The +B 


Relations 
pp. 299- 


9 


Hypothesis and Related Problems,” pp. 
314-317. 
4. Piz&, P. A., “Elliptic Fermagoric Tri- 


angles,”’ pp. 317-323. 
5. Thébault, Victor, “Concerning Pedal Circles 
and Spheres,”’ pp. 324-326. 
6. Discussion and Notes, pp. 327-329. 
(a) Klee, Jr., V. L., “On The Equation 
o(xr) =2m.”’ 
(b) Jerbert, A. R., “‘The Sine and Cosine 
as Projection Factors.” 
7. Recent Publications, pp. 330-332. 
8. Problems and Solutions, pp. 333-347. 
9. News and Notices, pp. 347-350. 
10. General Information, pp. 351-356. 
The Graduate Record Examination; The 
Veteran Education Problem; The Louisi- 
ana- Mississippi Educational Committee. 
ll. The Mathematical Association of America, 


of education at heart, should do all they 
can to select the most promising students 
and influence them to be teachers. As 
things now stand such teachers are so 
overworked because of the teacher short- 
age that they have no time for such things. 

More attention must also be given to 
student teaching in our state teachers 
colleges and in other similar institutions. 


12. Calendar of Future Meetings. 


The Australian Mathematics Teacher 
April 1946, Vol. 2, No. 1. 
1. Chong, F., ‘‘Vectors and Dual Vectors in 
Geometry,”’ pp. 1-8. 
. Watkins, H. L., ‘‘Formulae for the Triangles 
of Appolonius,’’ pp. 9-10. 
3. Clarke, J. H., “Sixth Form Mathematics in 
New Zealand,” p. 11. 
4. Turner, I. 8., ‘‘End-of-the-Year 
matics,’ pp. 12-16. 
5. Gleanings (nos. 21-26). 
6. Mathematical Notes, pp. 17-21. 
7. Reviews, pp. 22-24. 
8. Problems Bureau. 
9. News and Notices. 


to 


Mathe- 


The Mathematical Gazette 

February 1946, Vol. 30, No. 288. 

1. Robson, A., “Sign Conventions and Curva- 

ture,’’ pp. 1—5. 

Robinson, R. T., ‘‘Planes of Circular Sec- 

tion of a Cone,”’ pp. 6-10. 

3. Taylor, D. G., ‘‘Suecessive 
angles,’’ pp. 11-13. 

4. Booth, A. D., ‘‘An Isoperimetric Theorem 
Obtained by Elementary Means,” pp. 14- 
16. 

5. Phillips, E. G., “On Centrifugal Force,”’ pp. 
17-18. 

6. Dawson, T. R., “Ornamental Squares and 
Triangles,”’ pp. 19-21. 

7. Mathematical Notes, pp. 22-48. 

8. Reviews, pp. 49-56. 


to 


Pedal Tri- 


School Science and Mathematics 

June 1946, Vol. 46, No. 6. 

1. Fawcett, Harold P., and Barcus, Howard J., 
“Conservation and Mathematics,’ pp. 
505-516. 

. Trump, Paul, ‘Utilizing Pupil Experiences 
in Their Discovery of Mathematics,” pp. 
521-527. 

3. Neureiter, Paul R., ‘Mathematicians Must 

Agree,”’ pp. 540-545. 
4. Nyberg, Joseph A., ‘‘Notes from a Mathe- 
matics Classroom,’ pp. 565-568. 


i] 


Better professional courses and higher 
academic standards in such institutions 
will help greatly. 

If something is not done soon to improve 
the teacher shortage, the oncoming gener- 
ation will be in no better position to exert 
high qualities of leadership than the last 
one, and our democratic way of life will be 
in danger. W. D. R. 
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° NEWS NOTES ¢ 





The Mathematics Section of the Northeast 
Division of the Iowa State Education Associa- 
tion met, at Dubuque, on Friday, September 27, 
1946. 

PROGRAM 
1:30 Address: Interest Factor in Achievement 
in High School Mathematics. Mr. Robert 

Larson, State University of lowa, Iowa City, 

Iowa. 


2:15 Address: Corralling the Wandering Deci- 
mal Point. Miss Mary Potter, Supervisor of 
Mathematics, Public Schools, Racine, Wis- 
consin. 

The Iowa Association of Mathematics 
Teachers will meet on Friday, November 8, 1946 
at the First Baptist Church, 8th and High, Des 
Moines, Iowa. Luncheon reservation will be 
made if one dollar and ten cents ($1.10) is re- 
ceived, before November 5, by Mrs. Paul Nor- 
ris, 4527 Waveland Court, Des Moines 12, 
Iowa. 

10:00 Advisory board meeting. 


12:15 Luncheon meeting. 
Demonstration of visual aids. Clifton F. 
Schropp, Des Moines Public Schools. 


2:00 General Session. 
Address: Dr. Harl R. Douglass, University of 

Colorado. 

Announcements. 
1. Miss Dora E. Kearney. The National 

Council of Teachers of Mathematics. 

2. Dr. H. Vernon Price. 

a. The Central Association of Science and 
Mathematics Teachers. 

b. The Commission on Post-War Planning 
of The National Council of Teachers of 
Mathematics. 

Business Meeting. 
tary. 


Dora E. Kearney, Secre- 


Section II (Mathematics) of the New York 
Society for the Experimental Study of Educa- 
tion held its spring meeting on April 13, 1946, 
at the College of the City of New York. The 
speakers were Dr. Eugenei Hausle, Harry 
Ruderman, Dr. Raleigh Schorling and Samuel 
Welkowitz. The topic was, ‘‘Iinplementing a 
Post-War Program in Mathematics.’”’ Dr. Wil- 
liam Schaaf is the Chairman of Section 11 and 
Mr. Aaron Shapiro is secretary. 


Professor Kasner of Columbia University in 
a recent note to the editor of Tae MATHEMATICS 
TEACHER said, ‘You now have the most read- 
able magazine of mathematics in America. I 
recommend it to all my students and to teachers 
including those who give graduate courses.” 

THe Matnsematics TEACHER hopes that 
others may be as pleased with it as is Professor 
Kasner. 

The California Mathematics Council held 
its first fall meeting on October 5th, 1946. 
Place: Campus Elementary School of San Diego 
State College 


9:30 a.m.—Gatning Basic Mathematical Under- 
standings 
Presiding: Mr. Bruce McLean, Director 
San Diego Region of California Mathe- 
matics Council. 
Speaker: Dr. Richard Madden, Director of 
Teacher Training, San Diego State Colleg: 
Discussion Sections: 
Grades 1-8: Mr. Dan Dawson, Principal, 
Cabrillo School, San Diego. 
Grades 9-12: Mr. Richard Wooten, Sec- 
ondary Coordinator, San Diego Count) 
Schools. 


11:30 a.m.—Business meeting of state Counci 
(Nomination of 1947 officers). 
Presiding: Miss Harriette Burr, President 
12:00 m.—Luncheon (Send reservation by We: 
Oct. 2.) 
Presiding: Miss Rachel Keniston, Progran 
Vice-President of Council. 
Topic: Current Problems in the Teaching 
Mathematics. 
Speakers: Officers of the California Mathe- 
matics Council. 


1:30 P.M.- Symposium on Unde rstanding Vath- 
ematics through Audio-Visual Aids 
Presiding: Mr. Bruce McLean. 
Speakers: Dr. Grace Fernald, U.C.L.A 

“Audio-Visual Aids to Remedial Tech- 
niques in Arithmetic.”’ 

Mr. Dale Carpenter, Mathematics Super- 
visor, Los Angeles City Schools—‘‘Visual 
Aids Used in the Los Angeles Schools in 
Mathematics.” 

Dr. Cornelius H. Siemens, Director, Comp- 
ton Junior College.—‘‘Improved Audio- 
visual Aids in Mathematics—How Soon 
Will They Be Here?’’ 

Discussion leader: Dr. Richard Madden 


Other meetings of the Council will be held 
as follows: 
Nov. 9—Sat. 

9:30 A.M. 

Place: 808 North Spring St., Los Angeles 
(County Schools Office). 

Speakers: Mrs. Emma B. Sturtevant, Chair- 
man, Calif. Math. Council Committee on 
Creating Visual Aids. 

Mrs. Thelma Clark. 

Tentative topic: Plans of the Committee for 
Multi-sensory Aids in Math. 

Dec. 7—Sat.—Los Angeles Region of the Coun- 
cil meets at 9:30 A.M. 

Place: Lincoln High School, 3501 North 

Broadway, Los Angeles. 

9:30—Dr. Morgan Ward, Prof. of Math., 
Calif. Inst. of Tech., ‘‘Background for 
Teaching: War Experiences and Recent 
Research.’ 

10:30—Elementary, junior high, and senior 
high section meetings on ‘Audio-Visual 
Aids for Teaching Mathematics.”’ 

Dec. 27 and 28—Fri. and Sat.—State Council 
holds its two-day annual meeting at Stan- 
ford University. 


Los Angeles County Institute, 
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The Mathematics Section of the Alabama 
Educational Association held a meeting on 
March 21, 1946. Dr. Julian Mancill of the Uni- 
versity of Alabama spoke on the topic, ‘‘Pre- 
paratory Mathematies.’”? Miss Elizabeth Eich 
also spoke for the National Council. Mr. M. H. 
Pearson of Montgomery presided. The officers 
for 1946-47 are: 

President—J. Eli Allen, Phillips High School, 

Birmingham. 
Vice-President 

Anniston. 
Secretary-Treasurer—Volena 

School, Torrance. 


-Esther Peterson, High School, 


Whaley, High 


The Spring Conference of Minnesota Mathe- 
matics Teachers was held at Shevlin Hall at the 
University of Minnesota on April 5 and 6, 1946. 

It was sponsored by the College of Educa- 
tion of the University of Minnesota, the Min- 
neapolis Mathematics Club and the Mathe- 
maties section of the Minnesota Education 
(ssociation, 


PROGRAM 
Friday, April 5, 1946 
30-3:30 p.m. Mathematics Workroom, Room 
15, Shevlin Hall. 
Miss Jessie Smith, St. Cloud Technical High 
School, St. Cloud, Minnesota. 


2:30-3:30 p.m. Exhibits, Room 15, Shevlin 
Hall. 
Yoder mathematical instruments, mathe- 


matics projects of outstanding students 
and teachers of mathematics, mathematics 
textbooks and published tests. 
°30-3:30 p.m. Motion 
Shevlin Hall. 
Motion pictures will 
tule,” “Rectilinear 


Pictures, {oom 24, 


include ‘“‘The 
Coordinates,”’ 


Slide 


“Lo- 


cus,” “‘Geometry Brought to Life,’’ “‘Prop- 
erty Taxation’? and “Celestial Naviga- 
tion.”’ 

:30-4:00 p.m. Coffee Hour, Cafeteria, Shevlin 
Hall. 


Host: The Minneapolis Mathematics Club. 

(00-5:00) PLM. Room 12 
Shevlin Hall. 

Topic: Modern 
Mathematics. 

Chairman: Mrs. Eva C. Townsend, President, 
Minneapolis Mathematics Club. 

Opening Remarks: Dr. Wesley Peik, Dean, 
College of Education, University of Min- 
nesota. 
teport on the Annual Meeting of the Na- 
tional Council of Teachers of Mathematics, 
Cleveland, Ohio. Miss Edith Woolsey, 
Sanford Junior High School, Minneapolis, 


Opening Session, 


’ 


Methods of Evaluation in 





Minnesota. 

Speaker: Dr. Maurice L. Hartung, Associate 
Professor of Teaching Mathematics, Uni- 
versity of Chicago. 

Discussion and announcements 


Saturday, April 6, 1946 
1:00-10:00 a.m. Exhibits, Mathematics Work- 
room and Motion Pictures. 
10:15-11:45 a.m. General Session, Room 12, 
Shevlin Hall. 
Theme: Adapting Mathematics to Individual 
Differences. 
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Chairman: Dr. W. H. Bussey, Professor of 
Mathematics, University of Minnesota. 
‘Adapting the Mathematics Program through 
Guidance,’”’? Dr. Willis Dugan, University 

of Minnesota. 

‘Mathematics for all American Youth,” Dr. 
William L. Hart, University of Minnesota. 

‘Adapting Classroom Instruction to Meet 
Individual Needs,’’ Dr. Leo J. Brueckner, 
University of Minnesota. 

Discussion. 


12:30 p.m. Luncheon, Shevlin Hall Cafeteria. 
Toastmistress: Mrs. Lois K. Turner, Dean of 
Women, Winona State Teachers College. 
Speaker: Dr. Maurice L. Hartung. 
Discussion 
Donovan Johnson 
Chairman of the Mathematics 
Department 
University High School, Chairman 


The Mathematics Conference which was 
sponsored by the Rocky Mountain Section of 
the Mathematical Association of America, the 
National Council of Teachers of Mathematics 
and the Mathematics Section of the Colorado 
Education Association was held at the Univer- 
sity of Colorado at Boulder on April 19 and 20, 
1946. The theme of the Conference was ‘‘ Mathe- 
matics for a Changing World.”’ 


PROGRAM 
Friday, April 19th 
2:30 P.M. 
Presiding: Dr. J. R. Britton, 
University of Colorado 
Spherical trigonometry by 
plane. 

Professor Ivan L. Hebel, Colorado School of 
Mines. 

A compatibility relation in the flow of an incom- 
pressible ideal fluid. 

Professor George A. 
College. 

Effects on the roots of augmenting the coef- 
ficients of an equation. 

Professor Arthur J. Lewis, 
Denver. 

Teaching mathematics in the army. 

Professor H. T. Guard, Colorado A. 
College. 

On the definition of functions of a complex vari- 
able. 

Professor Aubrey J. 
Colorado. 

Tables for the power function for tests of hy- 
potheses relating to Poisson distributions. 

Professor Andrew G. Clark, Colorado A. & M. 
College. 

The present educational situation and the re- 
sulting crisis in mathematics. 

Dr. William Betz, Specialist in mathematics 
for the public schools of Rochester, New 
York. 

6:30 P.M. BANQUET 
Presiding: Dr. J. R. 
Colorado. 
Greetings: Dr. W. F. Dyde, Dean of University 
of Colorado. 
Response: Professor C. F. Barr, University of 
Wyoming. 
Address: The Laplace transformation. 
Dr. J. R. Britton, University of Colorado. 
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Saturday, April 20th 


9:00 a.m. Business Session of the Mathematical 
Association. 


9:30 a.m. Section Meetings 

A. Elementary School—Junior High School 
Section 
Presiding: Professor A. E. Mallory, Colo- 
rado State College of Education. 
Discussion: Modern Trends in Teaching 
the Fundamentals of Mathematics. 
Leaders: 

Mrs. Esther F. Taylor, Denver Public 
Schools. 

Miss Josephine A. Bellodi, Denver Pub- 
lic Schools. 

Miss Barbara L. Farnsworth, Boulder 
Public Schools. 

B. Senior High School—College Section. 
Presiding: Mr. H. W. Charlesworth, Den- 
ver Public Schools. 

Discussion: What can we learn about 
needed changes in the content of our 
mathematics courses or in methods of in- 
struction as indicated by the experiences 
of the men in the armed services. 
Leaders: 

Mr. Russell L. Casement, Denver Pub- 

lic Schools. 

Mr. Fred J. Clark, Colorado A. & M 

College. 

Lt. Carl Swanson, University of Denver. 

Mr. Henry Klooster, University of 

Colorado. 


10:30 a.m. General Session 
Presiding: Mr. Kenneth Gorsline, Denver 
Public Schools. 
Address: The necessary reconstruction of 
mathematics in the light of war experiences. 
Dr. William Betz, Rochester, New York. 


11:30 a.m. Forum discussion: The work of the 
Commission on Post War Plans. 
Leader: Dr. William Betz. 


1:30 p.m. Fellowship luncheon. 


The Spring meeting of the Connecticut Val- 
ley Section of Teachers of Mathematics in New 
England was held on Saturday April 13, 1946, at 
on High School, Northampton, 
Mass. 


PROGRAM 
Morning Session 
10:00 Greeting and Enrollment of Members. 


10:30 “Forty Years of Class-room Mathe- 
matics Grades 7, 8, 9.”’ 


Mr. Ray Brown, The Choate School, Wal- 

lingford, Conn. 
‘Mathematics in Grades 10 to 12.” 

Dr. Lehman Hoefler, Slocum School, 
Waterbury, Conn. 

Mr. Henry Farrington, New Haven High 
School, New Haven, Conn. 

Mr. Wallace C. Bartlett, Watertown High 
School, Watertown, Conn. 


Discussion Period 
12:30 Luncheon 


Afternoon Session 
1:30 Business Meeting 


2:00 ‘‘The Forward Looking Veteran.”’ 
Miss Martha M. Tobey, Westfield, State 
Teachers College. 
“The Algebra of Classes.”’ 
Dr. Anne F. O'Neill, Smith College, 
Northampton, Mass. 

Northampton High School is at 380 Elm $t., 
Arriving by train, leave the platform by the 
North stairway, turn left a few steps to the cor- 
ner. Take any Elm Street, Bay State or Hinck- 
ley Street bus. Arriving by auto, from the center 
of Northampton, proceed West on Route 9 
about one mile. 

Those planning to have luncheon with the 
group in the school cafeteria should notify Miss 
Alice V. Brick, 12 Belmont Ave., Northampton, 
Mass., by Tuesday, April 9th. Price of luncheon 
will be 80 cents. 

All interested in the teaching of mathematics 
are invited to attend. 


Officers of the Connecticut Valley Section 

EvizaBeTH A, HARKNEsS, President 
Northampton High School 

C. W. H. Sepgewick, Vice-President 
Connecticut 

GeorceE E. Frost, Secretary 
Holyoke High School 

ETHELYN M. Perciva., Treasurer 
Westfield High School 

Laura D. SarGent, Director 
Walnut Hill School 

Levinas H. Somers, Director 
Pomfret School 


Dr. R. G. Smith, member of the mathemat- 
ics faculty of the Kansas State Teachers Col- 
lege of Pittsburg since 1930, has been appointed 
head of the department, and assumed his duties 
July 1. 


Prof. J. A. G. Shirk, who has been head of 
the departmen* for the past thirty-two years has 


retired from administrative duties, but will con- | 
tinue as a full time member of the department. | 
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BOOK REVIEWS 


@ 





Multi-sensory Aids in the Teaching of Mathe- 
matics.* Compiled by a Committee of the 
National Council of Teachers of Mathe- 
matics. Eighteenth Year-book. Pp. xv, 455. 
$2. 1945. (Bureau of Publications, Teachers’ 
College, Columbia University, New York). 


To turn over the formidable title-page is to 
disclose a fascinating collection of devices for 
gaining attention, interest and understanding 
in the field of elementary pure mathematics. 

About four-fifths of the work is taken up by 
thirty-six articles by thirty members, whose 
experience ranges over Junior High Schools, the 
U. S. Military and Naval Colleges, Teachers’ 
Training Schools, the Massachusetts Institute 
of Technology, and the Universities. The topics 
include a general discussion on Visual Aids (by 
k. R. Breslich), Curve-stitching in Geometry, 
Mathematical Demonstrations and Exhibits, 
Linkages in Two and Three Dimensions, Com- 
plex Roots, Nomographic Charts, Geometrical 
Tools, Sources of Information about Early In- 
struments, Materials, Use of Colour, The Mak- 
ing and Use of Slides, Films and Stereograms, 
and some excellent Historical material on 
Models and Mechanical Devices. 

The remainder of the book is called an Ap- 
pendix. The first part contains short illustrated 
descriptions by: their inventors of individual 
models and devices, suitably classified. The 
second part is a comprehensive list of references 
to periodicals, books, films and filmstrips (Eng- 
lish and American) classified under a great 
many headings. The book is a mine of informa- 
tion, and no teacher could fail to find much use- 
ful and stimulating material. The general level 
of presentation is high, though the title of one 
article, ‘‘East High School Vitalizes Mathe- 
matics’? may cause the lifting of English eye- 
brows, especially when one reads that the ex- 
hibits, financed by the sale of souvenir pencils 
and magic slates, cost $150, and we may not 
react favourably to the suggestion that por- 
traits of mathematicians should be framed in 
“triangles and other geometric figures.”’ 

An introduction by E. H. C. Hildebrandt 
suggests that most of the credit for the compila- 
tion should go to Mary A. Potter and Prof. 
W. D. Reeve, and in the list of about a hundred 
and fifty contributors the names of Vera Sanford 
and H. S. M. Coxeter are familiar to us. Is the 
use of the feminine Christian name instead of 
the formal English “ Miss” partly responsible for 
the book’s air of sober, youthful, eagerness? 

The publishers seem to have been untroubled 


ett 


_ 





by “‘war-economy-standards’’: the book is beau- 
tifully printed on glossy paper, lavishly illus- 





* Reprinted from the February 1946 issue of 
The Mathematical Gazette. 
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trated by photograph and diagram, and it 
stays open anywhere. At two dollars it is a 
gift, and I hope it will be available over here in 
sufficient numbers. But open it first and ignore 
the title: as G. K. Chesterton observed, our 
American friends are in too great a hurry to 
think of calling an automobile a car, or an 
elevator a lift. 


A. P. BR. 


Teaching Arithmetic for Teachers in Training, 
Mills, J. §S., Provincial Normal School, 
Saskatoon, Canada, Mills, Publications, 
Saskatoon, 1945, 123 pp. 


This book, written primarily for the teacher 
in training, might well be on the shelves of any 
teacher’s library. Certainly beginning teachers 
will find in it many suggestions of profitable 
methods of presenting difficult topics in 
arithmetic. 

The Introduction states that ‘‘This book is 
a protest against excessive theory in arithmetic 
however desirable theory may be in other sub- 
jects. Theory in arithmetic is like pepper on the 
dinner table—a little goes a long way. Hence 
the emphasis throughout the book is on 
method.” In harmony with this objective, Mr. 
Mills outlines the following five guiding prin- 
ciples to be used as a frame of reference in se- 
lecting desirable methods: 

1. Arithmetic is a realistic subject. 

2. The solutions to problems in arithmetic 
should be those solutions which are ob- 
tained the ‘‘most quickly and the most 
certainly.” 

3. A good model encourages desirable habits. 

4. The mental solution of problems should 
be emphasized. 

5. More emphasis on “information” 
less on computation is desirable. 

Mr. Mills states that a good model should be 
“‘(a) clear and intelligible, (b) neat and attrac- 
tive, (c) crisp and precise.’’ He has carried the 
spirit of this admonition in his presentation of 
the various methods. 

Procedures are suggested for teaching such 
topics as the following: addition facts, column 
addition, Roman numbers, subtraction, multi- 
plication, units of measure, common fractions, 
and decimal fractions. One chapter is devoted to 
games and devices that may be used in teaching 
certain mathematical concepts and number 
facts. The methods are presented in a concise 
attractive style without a verbose theoretical 
discussion of the philosophy of educational 
practices. In fact, one may feel, at first, that 
the presentation is too concise or that most of 
the methods have appeared in other books. 


and 
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However, on second thought, one may conclude 
that it is helpful to the student to have in one 
book some of the outstanding methods that 
have stood the test of time and around this 
nucleus build wider horizons with methods 
originating from his own experience. No doubt 
such educational growth is the object of the 
stimulating exercises at the close of each chap- 
ter.— KENNETH E. Brown 


Arithmetic for Young America by John R. Clark, 
Professor of Education, Teachers College, 
Columbia University; Caroline Hatton 
Clark, Child Education Foundation Staff, 
New York City, formerly Supervisor of 
Arithmetic in Fort Lee, New Jersey; Ruth I. 
Baldwin, Elementary Supervisor, Westfield, 
New Jersey, Schools; Monica M. Hoye, 
Supervisor of Elementary Schools, Provi- 
dence, Rhode Island; Raleigh Schorling, 
Head of the Department of Mathematics, 
University High School, University of 
Michigan; Rolland R. Smith, Coordinator 
of Mathematics, Public Schools, Springfield, 
Massachusetts. 


Grade Three—vi+314 pages $0.96 
Grade Four—vi+298 pages .96 
Grade Five—vi+314 pages 0.96 
Grade Six—vi+314 pages .96 
Grade Seven—vi+368 pages 1.00 
Grade Eight—xiv +402 pages 1.08 


Published by World Book Company, Yon- 
kers-on-Hudson 5, New York, N. Y. 


Recognition of the now general agreement 
that it is more important to emphasize funda- 
mental principles of arithmetic than to demand 
mastery of rules and shortcuts, is fully given 
in the new series, Arithmetic for Young America. 
This series, by distinguished teacher-authors, 
is intended to provide essential rigorous training 
in quantitative thinking. “From concrete, mean- 
ingful experiences, the child moves smoothly 
and easily to abstract ideas of number; he gains a 
working knowledge of space, size, form, and 
quantity; he acquires arithmetical gener- 
alizations that are essential to success in num- 
ber.”’ 

The emphasis throughout this series is on 
interrelationships—on arithmetic as an or- 
ganized system of related ideas. Arithmetic for 
Young America is intended to lead the pupil to 
use his knowledge of one concept or process to 
help him understand another. “He sees rela- 
tionships, and gains an insight into the char- 
acteristics of the number system. And this 
means increased ability to attack new problems 
and increased power to apply fundamental 
mathematical principles.”’ 


THE MATHEMATICS TEACHER 


The books will be enjoyed by pupils every- 
where. They set a high standard both in pupil 
interest and in sound pedagogy. The authors 
have been truly resourceful in capitalizing upon 
the experiences of boys and girls. In a very real 
sense they conceive these experiences to be the 
subject matter out of which a knowledge of 
arithmetic must grow—and they have co- 
ordinated these experiences in a sequential, 
logical development. of arithmetic. The books 
are easy to read and the colored illustrations, o 
great liveliness and charm, are all well chosen 
for the grade level. 

The modern conception of drill has two as- 
pects—-both emphasized in this series (1) speed 
and accuracy in computational skills and (2 
repeated practice in intuitive thinking in genu- 
ine problem situations. An unusual variety of 
drill-in computational skills is provided along 
with a thorough and effective maintenance 
program. There is a continuous, carefully 
planned testing program which involves a 
minimum of teacher direction. 

For those contemplating a change in arith- 
metics this series is reeommended as one that 
meets the specific aims and objectives of the 
“new arithmetic.”—W. D. R. 





THE PERSPECTOGRAPH 


Solid 


want each student to have one of these new 


Every teacher of Geometry will 
stencils which enables one in just a few sec 
onds time to make accurate drawings to pet 
dimensional figures 


spective of the three 


studied in this course 


The PERSPECTOGRAPH is made of a 
high grade cardboard, 6” x 9”. Each one 
comes in an envelope on which detailed in 
printed. The 


gummed flap on the envelope may be turned 


structions for its use are 


over and glued to the inside cover of the 
student’s notebook. This serves not only as 
a protection but will insure his having this 
timesaver with him every recitation period 


Price: 30¢ each, postage prepaid. 10% dis- 
count if purchased in lots of 25 or more; 


15% for 50 or more; 0% in lots of 100 


Margaret Joseph, 1504 N. Prospect Ave., 
Milwaukee 2, Wis. 














